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BASELINE DESIGN PARAMETERS

DESIGN ASSUMPTIONS

» » 4 9

Alt

<

= 0.97 (PROBABILITY OF NO PENETRATION)
= 10 YRS (MISSION DURATION)

= 574 nf (DEBRIS AREA)

= 403 (METEOROID AREA)

= 500 km (AVERAGE ALTITUDE)

= 20 km/sec (AVERAGE METEOROID VELOCITY)
= 10 km/sec (AVERAGE DEBRIS VELOCITY)

= 0.5 gm/cm3 (METEOROID DENSITY)

= 2.81 s;m/cm3 (DEBRIS DENSITY)

= 10 cm (BUMPER/WALL SEPARATION)

= 2.8 gm/icm®

11 2
7.239x10 gm/cm-secC

2
7344000 Ib/ft (51 Ksl)

- P,

S Y4

0.401

0 degrees
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GP APPLIED TO NYSMITH
Consider the Nysmith Equation:

tz = 5.08V.278d2.92/(t;).528h 1.39) ,

with inequality constraints

t,/d <05 , t/d <10

Note that if

d >0.24hV? | then

bcos
d._.=b

t
E’> 5.08V7%0.24h V%' /[(0.5°2h'*] or,

2>1.0

d

Therefore, the third inequality constraint of Nysmith may be written:

d <0.24hV7°2

Letting the idealized "weight" be denoted by w , one has:

w=t+t

Substituting Nysmith, one has:

w=t+ 5.08V.278d2.92/(ti528h 1.39) ,
with inequality constraints:

2,
—‘-i—’s1.o . 5.08V7M (15 Bp 1Py < 1.0
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A. Unconstrained Optimization

The dual GP problem may be written:

maximize: V() =(1 /81)!"' (e, /8,)8’

subject to: §,+8,=1
8,-0.5283,=0

where: ¢, = 5.08V 78421

This is easily solved, giving:
5,=035, 3,=0.65,

Wy = 5.52V184191 /09! is the minimum "weight".
6, = 1.93V184191 509 is the optimal bumper thickness, and
6, = 3.5y 184151509 is the optimal wall thickness.

Note that the optimal ratios are given by:

t
2 _035=3, , il
f,+ b, 1+,

=0.65=9,
Furthermore, this analytic solution is valid for

d <023V Why?

h2435dV** = 1 <193V (4.354v°%) " or

tIOSO.Sd , as desired. Also,

b = 1,86¢1° <d , asrequired.
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Thus the constrained problem need only be solved for

0.23hV 2 <d <0.24nV*?

B. Constrained Optimization
The constrained dual GP problem may be written:
WAAMZE (@)= (118) (¢/8) ()" (c)™
subject to: 3,+9,=1
8, - 0.5288,+ 85,/ — 0.5285, = 0
where: ¢, is defined as in part A
c,=¢/d

c;=2/d

This is a 2 degree-of-difficulty problem, since there are 2 equations and 4 unknowns. It is solved

numerically.
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DERIVATION OF CORE MODULE CONFIGURATION WEIGHT

Let: r,= radius of a core module
Ip=rp+h
ry=rp+h
m=rpth
L = core module length
Then,
w =nL[p,(ry, — i) + Porz — 1))

is the total core module weight.
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GP APPLIED TO THE CMC WEIGHT FUNCTION
Let: r,=2108cm

L =1356.7cm
p, = p, =2.81 gm/cm’

Applying the Nysmith equation, one has:

Wene = 1288 + ¢,y + 122¢,6)4™ + 25700c,1,°%% + 310c5 1,

where:
¢, =5059+24h ,and
cz = V.2'78d2.92/h 1.39

The chosen approximate weight is given by:

Wenc,,.. = Cih +25700c,5°

The unconstrained GP problem is then:

maximize: 25700 02]52

v(©®) = (c,/ 81)61( 5,

subject to: 3 +8,=1

5, —.5285,=0

This is easily solved yielding:
5,=0.346 , 3,=0.654
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W, = 1459¢)#¢c) 5%

() [

8 0.654
h, = ad SOS(ﬁ)

0.654
b, = 1807, = 954(3)

C)
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GP APPLIED TO WILKINSON

Recall that:
Dp,

Pt

S1= 1,=0364D%,V,/(L,S*p,) and,

Dp,
P11y

>1= £,=0364D*p2Vy/(L,S’p.tp,)

Consider the case where:

Dp,
Pl

>1

Then, w=t,+c,f] is the idealized weight.

Where:
¢, =0.364D 4p§VN/ L,S%pip)

The dual GP problem may be written:

L. . 8
maximize: v(d) = (1/3,) "(c,/ 82)82
subject to: 8 +3,=1

61 - 82 = O

Thus, §,=3,=1/2 ,and

D%,( Vv, 2
=1.207—%| ——
"o N (szlpz)

D%, Vy }?
t, =t, =0.604 £
o N (szlpz)
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Thus, the procedure is the following:

1) Determine h, » by from the above equation.

P»

2) Compute

(RUN

D
HIf ——% >1 , thenquit. Optimal design is (tlo , t%) .

1h,

D D
4 If ‘:’ <1, optimal design is (tlo , t%{ Pe J] .

P14, Pit,
Optimal Ratios for Wilkinson
Recall that the optimal thickness distribution between bumper and wall is equal unless:

D D
Pr <1 ,or 2 Pe
Pily, R 1

This irpplies:

. D2p VN 12 D p
0.604 —= >—£ or
\) (szlpz) (M1

12
D> 1.6&(1492)

Vvp:
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GP APPLIED TO MODIFIED BURCH
Recall the Modified Burch Predictor:
,=CK ,where

1.71 229
C’:(%), (%) /S°™ | and

K =2.8(t,/D)"” +1.58(t/D)>"

Thus,

w =1, +2.8CD 71> +1.58CTD*71*" is the idealized weight.

Thus, the GP dual problem may be written:

Maximize:

v <[ L) (28CD27 ) ( Ls8TD)’
5, 5, 3,
Subject to: 8,+0.578,-0.578,=0 , and

5, +8,+4,=1
Thus, we have:
3,=2.33(1-1.578,) , §,=1.33123,-1) ,
and since §,>0 , 8,>0 , we have 0.5<9,<0.64 .
This is a one degree-of-difficulty problem with the following procedure:
1) Vary &, from 0.5 to 0.64 to find the max v(J) .
2) Using the corresponding 8, , solve for §, , 9§, .
3) Let 1, =§,(max(v(5))) .

4)Let t, = max(v(0)) - t, -
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OPTIMAL DESIGN ALGORITHM FOR BOEING PREDICTOR

1. Compute optimal design for PEN4 Predictor, (tlo ' b, )
P

ot
2. Check against PEN4 constraint, V < Vf[tlo /D]+ 4000 ?
) P

3. If satisfied, the optimal design is (tlo s t%) = (tlo ' by, ) .
P P
4. Else, compute optimal designs for Modified Burch, (tlo ' by, ) , and
(] B
Wilkinson, (t,ow , t’w) Predictors.
5. Compute Wilkinson wall induced by optimal Modified Burch bumper, tzw(tlo ) .
(]

6. Compute Burch wall induced by .optimal Wilkinson bumper, z‘,ﬂ(tlo )

W

7. Find (tlo s tZo) = fgi:[(ilo’ , max(tzo, s tzw'(tl%))) R (tlow s max(tznw ’ tz,(tmw)))] .
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METEORI

METEOR1 is the meteoroid environment model (see Survivability and
Predictor Reference 1) used in the design of protective systems for
spacecraft. It is used to define projectile mass/diameter as a preprocessor
to IMPACTS and its derivatives. '

METEORI1 takes as inputs the spacecraft exposed surface area, the mission
duration, probability of no penetration and altitude, and the particle
density. METEOR1 accounts for Earth shielding and gravitational
defocussing factors. The output is the critical projectile diameter. A
sample input (MET.IN), output (MET.OUT) and program listing
(METEORI1.LIS) follow.
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1
400.
10.
97
500.
5

INO. OF CASES

ISURFACE AREA IN SQ. METERS
IDURATION IN YEARS

IPROB. OF NO PENETRATION
!ALT. IN KM

IDENSITY IN GM/CUBIC CM
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INPUT

SURFACE AREA IN SQUARE METERS = 400.0000
MISSION DURATION IN YEARS = 10.00000
PROB. OF NO PENETRATION =  0.9700000
ALTITUDE IN KILUMETERS = 500.0000

PROJ. DENSITY IN GM/CUBIC CM =  0.5000000
OQUTPUT
DIAM= 0.4614225
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12-Aug-1987 13:47:19
12-Aug-1987 13:47:07

OPEN(UNIT=9,TYPE='0LD',ACCESS="'SEQUENTIAL"' ,NAME="MET.IN')

READ(9,*)NCASES
DO 10 I=1,NCASES
READ(9,*)SA
READ(9,*)T
READ(9,*)PO
READ(9,* )ALT
READ(9,*)DENS
WRITE (10,*)'
WRITE (10,*)
WRITE(10,*)"
WRITE(10,*)"
WRITE(10,*)"
WRITE(10,*)"
WRITE(10,*)'
WRITE (10,*)
WRITE (10,*)'
WRITE (10,*)
T=31536000.*T

OPEN(UNIT=10,TYPE="'NEW' ,ACCESS="SEQUENTIAL',NAME="MET.OUT")

INPUT'

SURFACE AREA IN SQUARE METERS = ',SA
MISSION DURATION IN YEARS = ',T

PROB. OF NO PENETRATION = ',PO
ALTITUDE IN KILOMETERS = ',ALT

PROJ. DENSITY IN GM/CUBIC CM = ',DENS

OuTPUT'

FLUX=-1.*ALOG(PO)/(SA*T)
RA=6371./(6371.+ALT)

GE=.568+.432*RA

THETA=ATAN(6371./SQRT(ALT*(ALT+2.*6371.)))
S=(1.+COS(THETA))/2.

FLUX=FLUX/ (GE*S)

F=ALOG10(FLUX)

IF(F.GE.-4.403)THEN

WRITE(10,*)"
GO T0 10
ENDIF

MASS IS TOO SMALL'

IF(F.GT.-7.103.AND.F.LT.-4.403) THEN
RAD=2.509-.25*(14.339+L)
XM=10.**((-1.584+SQRT(RAD))/.125)

ENDIF

IF(F.LE 0‘70103 OAND‘FCGE.-14037)THEN
XM=10.**((14.37+F)/-1.213)

ENDIF

IF(F.LT.-14,37)THEN

WRITE(10,*)'
GO TO 10
ENDIF

MASS IS TOO LARGE'

D=(1.91*XM/DENS)**.333

WRITE(10,*)"'
CONTINUE
END

DIAM=',D

VhootT -
NN Saah &

OF POOR QUALITY,

'VAX FORTRAN
SAT_USRDISK
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DEBRIS1

DEBRIS1 is the space debris environment model (see Survivability and
Predictor Reference 2) in the design of protective systems for spacecraft.
It is used to define projectile mass/diameter as a preprocessor to IMPACTS
and its derivatives.

DEBRIS1 takes as inputs the spacecraft projected debris area, the mission
duration, probability of no penetration, and altitude (currently fixed at 500
Km). The output is the critical projectile diameter. A sample input
(DEB.IN), output (DEB.OUT), and program listing (DEBRIS1.LIS) follow.
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574.
10.
.97

INO. OF CASES

!PROJECTED AREA IN SQ. METERS
IDURATION IN YEARS

!PROB. OF NO PENETRATION
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INPUT

PROJ. AREA IN SQUARE METERS
MISSION DURATION IN YEARS =

PROB. OF NO PENETRATION =

QUTPUT
DIAM= 0.8446254

= 574.0000
10.00000
0.9700000
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12-Aug-1987 13:52:31
12-Aug-1987 13:52:24

OPEN(UNIT=9,TYPE="'0LD' ,ACCESS="'SEQUENTIAL' ,NAME="'DEB.IN")
OPEN(UNIT=10,TYPE="NEW' ,ACCESS="'SEQUENTIAL' ,NAME="'DEB.OUT")
READ(9,*)NCASES ’
DO 10 I=1,NCASES
READ(9,*)AP
READ(9,*)T
READ(9,*)PO
WRITE(10,*)" INPUT!
WRITE(10,*)
WRITE(10,*)" PROJ. AREA IN SQUARE METERS = ',AP
WRITE(10,*)’ MISSION DURATION IN YEARS = ',T
WRITE(10,*)' PROB. OF NO PENETRATION = ',PO
WRITE(10,*)
WRITE(10,*)' ouTPUT'
WRITE(10,*)
FLUX=-1.*ALOG(PO)/(AP*T)
F=ALOG10(FLUX)
IF(F.GE.-5.46) THEN
D=10.**((F+5.46)/-2.52)
ENDIF
IF(F.LE.-7.0)THEN
D=10.**((F-21.67)/-10.32)
ENDIF
IF(F.LT.-5.46 .AND.F .GT.-7.0) THEN
D=10.**((5.46+F)/-.63)
ENDIF
WRITE(10,*)' DIAM=',D
CONTINUE
END

ORIGINAL PAGE IS
OF POOR QUALITY,

VAX FORTRAN
SAI_USRDISK
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IMPACT

IMPACTS is a spacecraft protective systems design optimization code.
IMPACTS employs the Geometric Programming optimization technique in
evaluating a number of nonlinear piecewise continuous, functional impact
predictors. These include the Nysmith, Boeing, Madden, Wilkinson, Burch,
and PEN4 predictors. Inputs vary depending on the predictor used,
however, typical inputs include projectile characteristics (as determined
from METEOR1 or DEBRIS1), design material properties, and general design
configuration.  In particular, IMPACTS is an optimization code for a single
bumper, single wall configuration. Outputs include the optimal design
thicknesses (bumper and wall) and the minimum design weight. Sample
input (IMPACTS.IN), output (IMPACTS5.0UT) and program listing
(IMPACTS.LIS) follow. |
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6

1

10.

0.84

10.

2

10.

0.84
2.81
2.81
2.81

10.
0.401
7344000.
7344000.
0.
0.85
7.239E11
3

10.

0.84
2.81

10.

2.81

4

10.

0.84
2.81
2.81
2.81

10.
0.401

5

10.

0.84
2.81

10.

Q.

0.85
7.239E11
6

l.

0.84
2.81
2.81
2.81
7344000.
7344000.
0.

!NUMBER OF CASES

INYSMITH PREDICTOR

!PROJ. VELOCITY IN KM/SEC
!PROJ. DIAMETER IN CM
!BUMPER/WALL SEPARATION IN CM
!BOEING PREDICTOR

IPROJ. VELOCITY IN KM/SEC
!PROJ. DIA. IN CM

!PROJ. DENSITY IN GM/CUBIC CM
IBUMPER DENSITY IN GM/CUBIC CM
!WALL DENSITY IN GM/CUBIC CM
IBUMPER/WALL SEPARATION IN CM
IWALL MATERIAL CONSTANT

!BUMPER YIELD STRENGTH IN LB/SQUARE FOOT

IWALL YIELD STRENGTH IN LB/SQUARE FOOT
!TMPACT ANGLE FROM NORMAL

!NUMBER OF PLATES TO PENETRATE AFTER 1ST BUMPER
!YOUNG'S MODULUS FOR BUMPER IN GM/CM-SQUARE SEC

IMADDEN PREDICTOR

IPROJ. VELOCITY IN KM/SEC
IPROJ. DIA. IN CM

IPROJ. DENSITY IN GM/CUBIC CM
!BUMPER/WALL SEPARATION IN CM
!BUMPER/WALL DENSITY IN GM/CUBIC CM
IWILKINSON PREDICTOR

!PROJ. VELOCITY IN KM/SEC
IPROJ. DIA. IN CM

!PROJ. DENSITY IN GM/CUBIC CM
!BUMPER DENSITY IN GM/CUBIC CM
!WALL DENSITY IN GM/CUBIC CM
!BUMPER/WALL SEPARATION IN CM
IWALL MATERIAL CONSTANT

!BURCH PREDICTOR

IPROJ. VELOCITY IN KM/SEC
!PROJ. DIA. IN CM

!BUMPER DENSITY IN GM/CUBIC CM
IBUMPER/WALL SEPARATION IN CM
!IMPACT ANGLE FROM NORMAL

INUMBER OF PLATES TO PENETRATE AFTER 1ST BUMPER
IYOUNG'S MODULUS FOR BUMPER IN GM/CM-SQUARE SEC

!PEN4 PREDICTOR

!PROJ. VELOCITY IN KM/SEC
IPROJ. DIA. IN CM

!PROJ. DENSITY IN GM/CUBIC CM
!BUMPER DENSITY IN GM/CUBIC CM
IWALL DENSITY IN GM/CUBIC CM

!BUMPER YIELD STRENGTH IN LB/SQUARE FOOT

IWALL YIELD STRENGTH IN LB/SQUARE FOOT
'IMPACT ANGLE FROM NORMAL
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NYSMITH

INPUT

PROJECTILE VELOCITY IN KM/SEC =  10.00000
PROJECTILE DIAMETER IN CM =  0.8400000
BUMPER/WALL SEPARATION IN CM =  10.00000
OUTPUT

BUMPER THICKNESS = 0.2575910  CM

WALL THICKNESS = 0.4791193 CM

MIN. WEIGHT = 0.7367103 CM
CMC MIN. WEIGHT = 3799.036 KG

BOEING
INPUT

PROJECTILE VELOCITY IN KM/SEC = 10.00000
PROJECTILE DIAMETER IN CM =  0.8400000

.3
PROJECTILE DENSITY IN GM/CUBIC CM = 2.810000
BUMPER DENSITY IN GM/CUBIC CM = 2.810000
WALL DENSITY IN GM/CUBIC CM = 2.810000
BUMPER/WALL SEPARATION IN CM = 10.00000
WALL MATERIAL CONSTANT = 0.4010000
BUMPER YIELD STRENGTH IN LB/SQUARE FT = 7344000.
WALL YIELD STRENGTH IN LB/SQUARE FT = 7344000.
IMPACT- ANGLE FROM NORMAL IN DEGREES =  0.0000000E+00

NUMBER OF PLATES TO PENETRATE AFTER FIRST BUMPER = 0.8500000
BUMPER YOUNGS MODULUS IN GM/CM-SQUARE SEC =  7.2389997E+11

OUTPUT

BUMPER THICKNESS =  9.2028841E-02CM
WALL THICKNESS = 0.4910776 CM
MIN. WEIGHT = 0.5831065 CM

CMC MIN. WEIGHT = 2978.630 KG

MADDEN

INPUT

PROJECTILE VELOCITY IN KM/SEC = 10.00000
PROJECTILE DIAMETER IN CM = 0.8400000
PROJECTILE DENSITY IN GM/CUBIC CM = 2.810000
BUMPER/WALL DENSITY IN GM/CUBIC CM = 2.810000
BUMPER/WALL SEPARATION IN CM = 10.00000

OuTPUT

BUMPER THICKNESS = 0.3788331 CM
WALL THICKNESS = 0,3788331 CM
MIN. WEIGHT = 0.7576661 CM

CMC MIN. WEIGHT = 3934.167 KG



WILKINSON

INPUT

PROJECTILE VELOCITY IN KM/SEC = 10.00000
PROJECTILE DIAMETER IN CM =  0.8400000
PROJECTILE DENSITY IN GM/CUBIC CM = 2.810000
BUMPER DENSITY IN GM/CUBIC CM = 2.810000
WALL DENSITY IN GM/CUBIC CM = 2.810000
BUMPER/WALL SEPARATION IN CM = 10.00000

WALL MATERIAL CONSTANT = 0.4010000
ouTPUT

BUMPER THICKNESS = 0.2128253 CM
WALL THICKNESS = 0.2128253 CM
MIN. WEIGHT = 0.4256506 CM

CMC MIN. WEIGHT = 2208.558 KG

MODIFIED BURCH
INPUT

PROJECTILE VELOCITY IN KM/SEC 10.00000
PROJECTILE DIAMETER IN CM =  0.8400000

BUMPER DENSITY IN GM/CUBIC CM 2.810000
BUMPER/WALL SEPARATION IN CM = 10.00000

IMPACT ANGLE FROM NORMAL IN DEGREES =  0.0000000E+00
NUMBER OF PLATES TO PENETRATE AFTER FIRST BUMPER =

QUTPUT
BUMPER THICKNESS =  9.2028841E-02CM
WALL THICKNESS = 0.2539445 CM

MIN. WEIGHT = 0.3459734 CM
CMC MIN. WEIGHT = 1775.339 KG

PEN4
INPUT

PROJECTILE VELOCITY IN KM/SEC = 1.000000
PROJECTILE DIAMETER IN CM =  0.8400000

.8
PROJECTILE DENSITY IN GM/CUBIC CM = 2.810000
BUMPER DENSITY IN GM/CUBIC CM = 2.810000
WALL DENSITY IN GM/CUBIC CM = 2.810000
BUMPER YIELD STRENGTH IN LB/SQUARE FT = 7344000.
WALL YIELD STRENGTH IN LB/SQUARE FT = 7344000.
IMPACT ANGLE FROM NORMAL IN DEGREES =  0.0000000E+00

OUTPUT
BUMPER THICKNESS = 2.1661645E-02CM

0.8500000
BUMPER YOUNGS MODULUS IN GM/CM-SQUARE SEC =  7.2389997E+11



WALL THICKNESS =
MIN. WEIGHT =
CMC MIN. WEIGHT

0.0000000E+00CM
2.1661645E-02CM
= 222.9546 KG
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0001
0002
0003
0004
0005
0006
0ou7
00v8
000y
0010
0011
0012
0013
0014
0015
0016
0017
0018
0019
0020
0021
0022
0023
0024
0025
0026
0027
0028
0029
0030
0031
0032
0033
0034
0035
0036
0037
0038
003y
0040
0041
0042
0043
0044
0045
0u46
0047
0048
0049
0050
0051
0052
0053
0054
0055
0056
0057

25

35

10-Aug-1987 11:29:15
10-Aug-1987 11:29:03

OPEN(UNIT=10,TYPE="'0LD' ,NAME="IMPACT5,IN' ,ACCESS="'SEQUENTIAL")
OPEN(UNIT=11,TYPE="'NEW' ,NAME='IMPACT5.0UT' ,ACCESS="SEQUENTIAL")
READ(10,*)NRUNS
DO 10 I=1,NRUNS

READ(10,*)NCODE

IF(NCODE.EQ.1)GO TO 25

IF(NCODE.EQ.2)GO TO 35

IF(NCODE.EQ.3)GO TO 45

IF(NCODE.EQ.4)GO TO 55

IF(NCODE.EQ.5)GO TO 65

IF(NCODE .EQ.6)G0 TO 75

READ(10,*)V

READ(10,*)D

READ(10,*)H

WRITE(11,*)’ NYSMITH'

WRITE(11,*)

WRITE(11,*)’ INPUT'

WRITE(11,*)

WRITE(11,*)' PROJECTILE VELOCITY IN KM/SEC = ',V
WRITE(11,*)' PROJECTILE DIAMETER INCM = ',D
WRITE(11,*)' BUMPER/WALL SEPARATION IN CM = ',H
WRITE(11,*) :

CALL NYSMITH(V,D,H,T1,T2,WT,WTCMC)

WRITE(11,*)' ouTPUT'

WRITE(11,*) )

WRITE(11,*)’ BUMPER THICKNESS = ',T1,'CM'
WRITE(11,*)' WALL THICKNESS = ',T2,'CM'
WRITE(11,*)' MIN. WEIGHT = ',WT,'CM’
WRITE(11,*)’ CMC MIN. WEIGHT = ',WTCMC,'KG'
WRITE(11,*) :

WRITE(11,*)

WRITE(11,*)

GO TO 10

READ(10,*)V

READ(10,*)D

READ(10,*)RHOP

READ(10,*)RHO1

READ(10,*)RHO2

READ(10,*)S

READ(10,*)XL2

READ(10,*)SY1

READ(10,*)SY2

READ(10,*)THETA

READ(10,*)XN

READ(10,*)El

WRITE(11,*)' BOEING'

WRITE(11,*)

WRITE(11,*)' INPUT'

WRITE(11,*)

WRITE(11,*)’ PROJECTILE VELOCITY IN KM/SEC = ',V
WRITE(11,*)' PROJECTILE DIAMETER IN CM = ',D
WRITE(11,*)' PROJECTILE DENSITY IN GM/CUBIC CM = ',RHOP
WRITE(11,*)' BUMPER DENSITY IN GM/CUBIC CM = ',RHO1
WRITE(11,*)’ WALL DENSITY IN GM/CUBIC CM = ' ,RHO2
WRITE(11,*)' BUMPER/WALL SEPARATION IN CM = ',S
WRITE(11,*)' WALL MATERIAL CONSTANT = ',XL2
WRITE(11,*)’ BUMPER YIELD STRENGTH IN LB/SQUARE FT = ',SY1

VAX FOR
SAI_USR
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0058
0059
0U60
0061
0062
u063
0064
006%
0066
0067
0068
0069
0070
0071
0072
0073
0074
0075
0076
0077 45
0078
0u79
0080
0081
0082
0083
0084
0085
0086
0087
0088
0089
0090
0091
0092
0093
0094
0095
0096
0097
0098
0099
0100
0101
0102
0103 55
0104
0105
0106
0107
0108
0109
0110
0111
0112
0113
0114

WRITE(11,*)’
WRITE(11,*)'
WRITE(11,*)’
WRITE(11,*)’

WRITE(11,*)

10-Aug-1987 11:29:15
10-Aug-1987 11:29:03

WALL YIELD STRENGTH IN LB/SQUARE FT = ',SY2
IMPACT ANGLE FROM NORMAL IN DEGREES = ',THETA
NUMBER OF PLATES TO PENETRATE AFTER FIRST',

' BUMPER = ',XN
BUMPER YOUNGS MODULUS IN GM/CM-SQUARE',

' SEC = ',E1

CALL BOEING(V,D,RHOP,RHO1,RH02,S,XL2,5Y1,SY2,THETA,
XN,E1,T1,T2,WT,WTCMC)

WRITE(11,*)'
WRITE(11,*)
WRITE(11,*)'
WRITE(11,*)'
WRITE(11,*)'
WRITE(11,*)"
WRITE(11,*)
WRITE(11,*)
WRITE(11,*)
GO TO 10
READ(10,*)V
READ(10,*)D
READ(10,*)RHOP
READ(10,*)S
READ(10,*)RHO
WRITE(11,*)’
WRITE(11,*)
WRITE(11,*)'
WRITE(11,*)
WRITE(11,*)’
WRITE(11,*)’
WRITE(11,*)'
WRITE(11,*)'
WRITE(11,*)'
WRITE(11,*)

ouTPUT'

BUMPER THICKNESS = ',T1,'CM'
WALL THICKNESS = ',T2,'CM’
MIN. WEIGHT = ',WT,'CM'

CMC MIN. WEIGHT = ',WTCMC,'KG'

MADDEN'
INPUT'

PROJECTILE VELOCITY IN KM/SEC = ',V
PROJECTILE DIAMETER INCM = ',D

PROJECTILE DENSITY IN GM/CUBIC CM = ',RHOP
BUMPER/WALL DENSITY IN GM/CUBIC CM = ',RHO
BUMPER/WALL SEPARATION IN CM = ',S

CALL MADDEN(V,D,RHOP,S,RHO,T1,T2,WT,WTCMC)

WRITE(11,*)"
WRITE(11,*)
WRITE(11,*)’
WRITE(11,*)'
WRITE(11,*)'
WRITE(11,*)'
WRITE(11,*)
WRITE(11,*)
WRITE(11,*)

GO TO 10
READ{10,*)V
READ(10,*)D
READ(10,*)RHOP
READ(10,*)RHOL
READ(10,*)RHO2
READ(10,*)S
READ(10,*)XL2
WRITE(11,*)'
WRITE(11,*)
WRITE(11,*)"
WRITE(11,*)
WRITE(11,*)"

OuTPUT'
BUMPER THICKNESS = ',T1,'CM'
WALL THICKNESS = ',T2,'CM'

MIN. WEIGHT = ',WT,'CM’
CMC MIN. WEIGHT = ',WTCMC,'KG'

ORIGINAL PAGE IS
OF POOR QUALITY

WILKINSON'
INPUT'

PROJECTILE VELOCITY IN KM/SEC = ',V



IMPACTS$SMAIN

0115
U116
0117
0118
0119
0120
0121
0122
0123
0124
0125
0126
0127
0128
u129
0130
0131
0132
0133
0134
0135
0136
0137
0138
0139
0140
0141
0142
0143
0144
0145
0146
0147
0148
0149
0150
V151
0152
0153
0154
0155
0156
0157
0153
0159
0160
016l
0162
0163
0l64
0165
0166
0le67
0168
0169
0170
0171

65

*kkkk

- 75

10-Aug-1987 11:29:15
10-Aug-1987 11:29:03

PROJECTILE DIAMETER IN CM = ',D

WRITE(11,*)"

WRITE(11,*)' PROJECTILE DENSITY IN GM/CUBIC CM = ',RHOP
WRITE(11,*)' BUMPER DENSITY IN GM/CUBIC CM = ',RHO1
WRITE(11,*)’ WALL DENSITY IN GM/CUBIC CM = ',RHO2
WRITE(11,*)’ BUMPER/WALL SEPARATION IN CM = ',S
WRITE(11,*)' WALL MATERIAL CONSTANT = ',XL2
WRITE(11,*) '

CALL WILKINSON(V,D,RHOP,RHO1,RH02,S,XL2,

T1,72,WT,WTCMC)

WRITE(11,*)' QUTPUT'

WRITE(11,*)

WRITE(11,*)" BUMPER THICKNESS = ',T1,'CM'
WRITE(11,*)' WALL THICKNESS = ',T2,'CM'
WRITE(11,*)" MIN. WEIGHT = ',WT,'CM’

WRITE(11,*)’ CMC MIN. WEIGHT = ',WTCMC,'KG'
WRITE(11,*)

WRITE(11,*)

WRITE(11,*)

GO TO 10

READ(10,*)V

READ(10,*)D

READ(10,*)RHOL

READ(10,*)S

READ(10,*)THETA

READ(10,*)XN

READ(10,*)El
MODIFIED BURCH *****

WRITE(11,*)' MODIFIED BURCH'

WRITE(11,*)

WRITE(11,*)' INPUT'

WRITE(11,*)

WRITE(11,*)’ PROJECTILE VELOCITY IN KM/SEC = ',V
WRITE(11,*)’ PROJECTILE DIAMETER IN CM = ',D
WRITE(11,*)' BUMPER DENSITY IN GM/CUBIC CM = ',RHO1
WRITE(11,*)" BUMPER/WALL SEPARATION IN CM = ',S
WRITE(11,*)" IMPACT ANGLE FROM NORMAL IN DEGREES = ',THETA
WRITE(11,*)' NUMBER OF PLATES TO PENETRATE AFTER FIRST',

' BUMPER = ', XN
WRITE(11,*)" BUMPER YOUNGS MODULUS IN GM/CM-SQUARE',
' SEC = ',El

WRITE(11,*)

WRITE(11,*)' QuUTPUT'

WRITE(11,*)

CALL BURCH(V,D,RHO1,S,THETA,

WRITE(11,*)'
WRITE(11,*)’
WRITE(11,*)"
WRITE(11,*)"
WRITE(11,*)
WRITE(11,*)
WRITE(11,*)
GO TO 10

READ(10,*)V
READ(10,*)D

XN,E1,T1,T2,WT,WTCMC)
BUMPER THICKNESS = ',T1,'CM'
WALL THICKNESS = ‘,T2,'CM'
MIN. WEIGHT = ',WT,'CM'
CMC MIN. WEIGHT = ',WTCMC,'KG'

READ(10,*)RHOP
READ(10,*)RHO1

VAX FOF
SAI_USF
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0172
0173
0174
0175
0176
0177
0178
0179
0180
018l
0182
0183
0184
0185
0186
0187
0188
0189
0190
0191
0192
0193
0194
0195
0196
0197
0198
0199 10
0200
0201

10-Aug-1987 11:29:15
10-Aug-1987 11:29:03

READ(10,*)RH02
READ(10,*)SY1
READ(10,*)SY2
READ(10,*)THETA
WRITE(11,*)’ PEN4'
WRITE(11,*)
WRITE(11,*)’ INPUT'
WRITE(11,%)
WRITE(11,*)’ PROJECTILE VELOCITY IN KM/SEC = ',V
WRITE(11,*)’ PROJECTILE DIAMETER IN CM = ',D
WRITE(11,*)" PROJECTILE DENSITY IN GM/CUBIC CM = ',RHOP
WRITE(11,*)’ BUMPER DENSITY IN GM/CUBIC CM = ',RHO1
WRITE(11,*)' WALL DENSITY IN GM/CUBIC CM = ',RH02
WRITE(11,*)’ BUMPER YIELD STRENGTH IN LB/SQUARE FT = ',SY1
WRITE(11,*)' WALL YIELD STRENGTH IN LB/SQUARE FT = ',SY2
WRITE(11,*)' IMPACT ANGLE FROM NORMAL IN DEGREES = ',THETA
WRITE(11,*)
CALL PEN4(V,D,RHOP,RHO1,RHO2,SY1,SY2,THETA,
T1,T2,WT,WTCMC)
WRITE(11,*)" ouTPUT!
WRITE(11,*)
WRITE(11,*)' BUMPER THICKNESS = ',T1,'CM’
WRITE(11,*)’ WALL THICKNESS = ',T2,'CM'
WRITE(11,*)' MIN. WEIGHT = ', WT,'CM'
WRITE(11,*)' CMC MIN. WEIGHT = ',WTCMC, 'KG'
WRITE(11,*)
GO TO 10
CONTINUE
STOP
END



10-Aug-1987 11:29:15 VAX FOR
10-Aug-1987 11:29:03 SAI_USR

0oul SUBROUTINE NYSMITH(V,D,H,Tl,TZ,NT,NTCMC)
0002 DMAX=0.24*H*V**-.0,2 '
0003 IF(D.GT.DMAX)THEN
0004 WRITE(11,*)'NO SOLUTION--PROJ. DIA. TOO LARGE FOR NYSMITH'
0005 GU TO 16
0006 ENDIF
0007 T1=1.93*V**Q ,18*D**],91/H**0.91
0008 T2=1.86*T1
0009 WT=T1+T2
0010 WTCMC=T1%**2 ,+2 . *T1*(211.+T2+H) +T2**2 ,+422 ,*T2
0011 WTCMC=12 ,*WTCMC
0012 16 CONTINUE
0013 RETURN
0014 END
PROGRAM SECTIONS
Name Bytes Attributes
0 $COUDE 214 PIC CON REL LCL  SHR EXE RD NOWRT LONG
1 $PDATA 45 PIC CON REL LCL  SHR NOEXE RD NOWRT LONG
2 $LOCAL 8 PIC CON REL LCL NOSHR NOEXE RD  WRT LONG
Total Space Allocated 267
ENTRY POINTS
Address Type Name
0-00000000 NYSMITH
VARIABLES
Address Type Name Address Type Name Address Type Name
AP-000000086 R*4 D *k R*4  DMAX AP-0000000C@ R*4 H
AP-00000014@ R*4 T2 AP-000000040 R*4 V AP-00000018@ R*4 WT
LABELS
Address  Label

0-00000005 16



uoul
0002
0003
0004
VIVVE
0006
0007
V008
0009
0010
0011
0012
0013
0014
0ul15
0016
0017
0018
0019
0020
0021
0022
0023
uo24
0025
0026
0027
0028
0029
0030
0u3l
0032
0033
0034
U35
V036
u37
0038
0039
0040
0041
U042
0043
0u44
0045
0046
0047
0u48
0049

0050 -

0051
0052
0053
0u54
VI
0056
0057

gk Rk

590

579

10-Aug-1987-11:29:15

10-Aug-1987 11:29:03

SUBROUTINE BOEING(V,D,RHOP,RHO1,RH02,S,XL2,5Y1,5Y2,THETA,
& XN,E1,T1,T2,WT,WTCMC)
PEN4 dedekkd
T1=0.16
V=v*3280.
D=0/30.48
RP=D/2.0
RHOP=RHOP*1 .94
RHO1=RHO1*1.94
RHO2=RH02*1 .94
NITSP=0 .
NITSP=NITSP+1
NP1=0
T1P=T1/30.48
T2P=FT2P (RHOP,V ,RP,SY1, THETA,RHO1,SY2,D,RH02,T1P)
WT=T1P+T2P
IF(NITSP.EQ.1)THEN
T1P1=1.1*T1P
T2P1=FT2P(RHOP,V,RP,SY1, THETA,RHO1,SY2,D,RH02, T1P1)
WT1=T1P1+T2P1
ENDIF
IF(WT1.GT.WT)THEN
T1P1=0.82*T1P1
T2P1=FT2P(RHOP,V,RP,SY1, THETA,RHO1,5Y2,D,RH02, T1P1)
WT1=T1P1+T2P1
IF(WT1.GT.WT) THEN
GO TO 601
ELSE
T1P=T1P1
T2P=T2P1
WT=WT1
NP1=NP1+1
IF(NP1.EQ.100) THEN
WRITE(11,*)'NO CONVERGENCE IN PEN4'
60 TO 557
ENDIF
T1P1=0.9*T1P1
T2P1=FT2P(RHOP,V,RP,SY1, THETA,RHO1,SY2,D,RH02, T1P1)
WT1aT1P1+T2P1
GO TO 590
ENDIF
ELSE
T1P=T1P1
T2P=T2P1
WT=WT1
T1P1=1.1*T1P1 _
T2P1=FT2P (RHOP,V,RP,SY1, THETA,RHO1,SY2,D,RH02,T1P1)
WT1=T1P1+T2P1
IF(WT1.GT.WT)THEN
GO TO 601
ELSE
NP1=NP1+1
IF(NP1.EQ.100)THEN
WRITE(11,*)'NO CONVERGENCE IN PEN4'
GO TO 557
ENDIF
G0 TO 579

VAX
SAI
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0058
0059
0060
voel
0062
0063
0064
0065
0066
0067
0068
0069
0070
0071
0072
0073
0074
0075
0u76
0077
0078
0079
0080
0081
0082
0083
0084
0085
0086
0087
0088
0089
0090
0091
0092
0093
0094
0095
0096
0097
0098
0099
0100
0101
0102
0103
0104
0105
0106
0107
0108
0109
0110
0111
0112
0113
0114

601

557

d kX dk

% dede ke

125

1099

ENDIF

ENDIF

CONTINUE

D=30.48*D

RHOP=RHOP/1.94

RHO1=RHO1/1.94

RHO2=RH02/1 .94

T1P=30.48*T1P

T2P=30.48*T2P

IF(T1P/D.LE.0.4)VF=4100

IF(T1P/D.GT.0.4)VF=4986*(T1P/D)**0.21

VF=VF+4000.

IF(V.LE.VF)THEN
WRITE(11,*)'INSIDE OF PEN4 LIMITS'
T1=T1P
T2=T2P
GO TO 1102

ENDIF

CONTINUE

WILKINSON  *x*x*

V=v/3280.

T1=0.604*D**2 . *RHOP/S

T1=T1*SQRT(V/(XL2*RHO1*RHO2) )

RATIO=D*RHOP/(T1*RHO1)

IF(RATIO.GT.1.0)T2=T1

IF(RATIO.LE.1.0)T2=T1/RATIO

MODIFIED BURCH ***x*

VB=V*3280.

- DB=D/2.54

CM=SQRT(E1/RHO1)

CM=CM/30.48

SB=§/2.54

IF(THETA.LE.0.001)G0O TO 125
CHI=TAN(THETA)-0.5
F2=0.5-1.87*(T1B/D)+(5.*T1B/D-1.6)*CHI**3,0
F2=F2+(1.7-12.*T1B/D)*CHI
F3=0.32*(T1B/D)**0.83
F3=F3+0.48*(T1B/D)**0,33*(SIN(THETA))**3.0
T2F=D*((F1+0.63*F2)/XN)*(CM/V)**2,29
T2F=T2F*(D/S)**0.71
T2N=F3*(CM/V)**1.33*D/XN
IF(T2N.GE.T2F)T2B=T2N
IF(T2N.LT.T2F)T2B=T2F

T2B=T28*2.54

IF(T2B.6GT.T2)NREGION=3
IF(T2B.GT.T2)T2=T28B

GO TO 155

CONTINUE

T181=T1/2.54

NITSB=0
XK1=(DB/XN)**1.71*(CM/VB)**2,29/SB**0,71
VDELTA=0.0

DELTA3=0.52

DELTA2=2.33*(1.-1.57*DELTA3)
DELTA1=1.33*(2.*DELTA3-1.)

10-Aug-1987 11:29:15

10-Aug-1987 11:29:03

VDELTA1=(1./DELTAL1)**DELTA1*(2.8*XK1/(DELTA2*DB**0,57) ) **DELTA2
VDELTAL=VDELTA1*(1.58*XK1*DB**(.57/DELTA3)**DELTA3

VAX FOR
SAI_USR
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0115
0116
0117
0118
0119
0120
0121
0122
0123
0124
0125
0126
0127
0128
0129
0130
0131
0132
0133
0134
0135
0136
0137
0138
0139
0140
0141
0142
0143,
0144
0145
0146
0147
0148
0149
0150
0151
0152
0153
0154
0155
0156
0157
0158
0159
0160
016l
0162
0163

499

ek kkk

199

155
1102

156

10-Aug-1987 11:29:15
10-Aug-1987 11:29:03

IF(VDELTAL1.LT.VDELTA) THEN _
DELTAl=1,33*(2.*DELTA3-1.04)
T1B=DELTA1*VDELTA
T2B=VDELTA-T1B
GO TO 499

ENDIF
VDELTA=VDELTAl

DELTA3=DELTA3+0.02
IF(DELTA3.GT.0.63) THEN
T1B=DELTAL*VDELTA

T28=VDELTA-T1B
GO TO 499
ENDIF
GO TO 1099
CONTINUE

COMPARISON OF MODIFIED BURCH AND WILKINSON ****x

CONTINUE
T10W=T1/2.54
F10W=1.58*(DB/T10W)**0,57+2.80* (T10W/DB)**0.57
T2BT10W=( F1OW/XN)**1 ,71*(CM/VB)**2.29*DB**1.71
T2BT10W=T2BT10W/SB**0.71
T2BT10W=T2BT10W*2.54
RATI08=(DB*RHOP)/(RHO1*T18B)
T2WT10B=0.364*D**3 ;*RHOP*V/ (XL2*RH02*S**2.)
IF(RATIOB.GT.1.0)T2WT10B8=T2WT10B*RATIOB
IF(T2BT1OW.GT.T2)T2=T2BT10W
T2B=T2B*2.54
IF(T2WT10B.GT.T2B)T2B=T2WT108
T1B=T1B*2.54 -
[F(T1B+T2B.LT.T1+72) THEN
T1=T18
T2=T28
ENDIF
CONTINUE
IF(T2.LE.0.01)THEN
WRITE(11,*)'PRESSURE CONSTRAINT ON WALL IN EFFECT'
SIGMA=5Y2/144.
T2=3099.1/SIGMA
ENDIF
WT=T1+T2
R12=211.
R22=211.+T2
R11=211.+T2+S
R21=211.+T1+T2+S
VB=4.27*(R21**2.-R11**2,)
VW24 ,27*(R22**2.-R12**2.)
WTCMC=RHO1*VB+RHO2*VW
RETURN
END

VA

w
>
P
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0001 ~ FUNCTION FT2B(DB,T1B,XN,CM,VB,SB)

0002 F1=2,42*(DB/T1B)**0,33+4.26*(T18/DB)**0.33

0003 F1=F1-4.18

0004 FT2B=(F1/XN)**1.71*(CM/VB)**2,29*DB**1.71/SB**0.71
0005 RETURN

0006 END

PROGRAM SECTIONS
Name

0 $CODE
2 $LOCAL

Total Space Allocated

ENTRY POINTS
Address Type
0-00000000 R*4

VARIABLES
Address Type

AP-00000010€ R*4
AP-00000008@ R*4

Name

FT28

Name

CM
T18

Bytes Attributes

163 PIC CON REL LCL SHR EXE RD NOWRT LONG
4 PIC CON REL LCL NOSHR NOEXE RD  WRT LONG

167
Address Type Name Address Type Name
AP-00000004@ R*4 DB ** R*4 F1
AP-00000014@ R*4 VB AP-0000000C@ R*4 XN



10-Aug-1987 11:29:15 VAX FOFR
10-Aug-1987 11:29:03 SAI_'F

0001 FUNCTION FT2P(RHOP,V,RP,SY1,THETA,RHO1,SY2,D,RH02,T1P)

0002 A=1.33*RHOP* (V*RP)**2,

0003 B=8.0*SY1*EXP(-3.125E-04*V)/COS(THETA) I

0004 C=1.33*RHOP*RP**2 .0

0005 D1=RP*RHO1/COS(THETA)

0006 XK1=1.67*(RHOP/(2.*SY2) )**0.31

00u7 XK1=XK1*(0.281*D*RHOP/RH02)**0.33 l

0008 XK1=XK1*COS(THETA)

0009 C1P1=(A-B*T1P)/(C+D1*T1P)

0010 IF(C1P1.LE.0.001) THEN I

0011 FT2P=0.0

0012 GO TO 999 .

0013 ENDIF -

0014 FT2P=XK1*C1P1**0.31 l

0015 999 RETURN

0016 END I

PROGRAM SECTIONS I
Name Bytes Attributes I

0 $CODE 222 PIC CON REL LCL SHR EXE RD NOWRT LONG
2 $LOCAL 4 PIC CON REL LCL NOSHR NOEXE RD  WRT LONG

Total Space Allocated 226

ENTRY POINTS
Address Type Name

0-00000000 R*4 FT2P

VARIABLES
Address Type Name Address Type Name Address Type Name
Jok R*4 A *% R*4 B *% R*4 C
AP-00000020@ R*4 D ‘ ** R*4 D1 AP-00000018@ R*4 RHO1

AP-00000028@ R*4 T1P AP-00000014@ R*4 THETA AP-00000008@ R*4 V

LABELS
Address Label

0-000000D9 999

AP-00000004@ R*4 RHOP AP-0000000C@ R*4 RP AP-00000010€ R*4 SY1 I



10-Aug-1987 11:29:15 VAX FOR
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u001 SUBROUTINE MADDEN(V,D,RHOP,S,RHO,T1,T2,WT,WTCMC)
0002 V=V*1.E05

0003 T1=0.009*SQRT(V)*RHOP*D**2.0
ouo4 T1=T1/(S*RHO**1.5)

0u05 T2=T1

0006 WT=T1+T2

0007 - R12=211.

0008 R22=211.+T2

0009 R11=211.+T2+S

0010 R21=211.+T1+T2+S

0011 VB=4.,27*(R21**2.-R11**2,)
0012 VW=4.27*(R22**2.-R12**2.)
0013 WTCMC=RHO* (VB+VW)

0014 RETURN

0015 END

PROGRAM SECTIONS

Name Bytes Attributes
- 0 $CODE 159 PIC CON REL LCL SHR EXE RD NOWRT LONG
Total Space Allocated 159

ENTRY POINTS

Address Type Name

0-00000000 MADDEN
VARIABLES
Address Type Name Address Type Name Address Type Name
AP-000000088 R*4 D *x R*4 R11 *x R*4 R12
bl R*4 R22 AP-00000014@ R*4 RHO AP-0000000C@ R*4 RHOP
AP-00000018@ R*4 Ti1 AP-0000001C@ R*4 T2 AP-00000004@ R*4 V
*% R*4 VW AP-00000020@ R*4 WT AP-00000024@ R*4 WTCMC

FUNCTIONS AND SUBROUTINES REFERENCED
Type Name
R*4 MTH$SQRT



0001 SUBROUTINE WILKINSON(V,D,RHOP,RHO1,RH02,S,XL2,
0002 & T1,T2,WT,WTCMC)
0003 T1=0.604*D**2 . *RHOP/ S

0004 T1=T1*SQRT(V/(XL2*RHO1*RHO2))
0005 RATI0=D*RHOP/( TI*RHO1)

0006 IF(RATI0.GT.1.0)T2=T1

0007 IF(RATIO.LE.1.0)T2=T1/RATIO
0008 WT=T1+T2

0009 R12=211.

0010 R22=211.+T2

0011 R11=211.+T2+S

0012 R21=211.+T1+T2+S

0013 VB=4.27%(R21**2.-R11**2,)
0014 VW=4,27% (R22**2 ,-R12**2.)
0015 WTCMC=RHO1*VB+RHO2*VW

0016 RETURN

0017 END

PROGRAM SECTIONS

Name

0 $CODE
Total Space Allocated

ENTRY POINTS
Address Tybe Name
0-00000000 WILKINSON

VARIABLES
Address Type Name

AP-00000008@ R*4 D

*x R*4 R22
AP-0000000C@ R*4 RHOP AP-
AP-00000004@ R*4 V -
AP-0000002C@ R*4 WTCMC AP-

FUNCTIONS AND SUBROUTINES REFERENCED
Type Name
R*4  MTH$SQRT

Bytes  Attributes

181 PIC CON REL LCL

181

Address Type

*k R*4
*k R*4
000000186 R*4
* R*4

0000001C@ R*4

Name

R11
RATIO

VB
XL2

10-Aug-1987 11:29:15 VAX FQ
10-Aug-1987 11:29:03 SAI'

SHR  EXE  RD NOWRT LONG

Address Type Name

ok R*4 R12
AP-00000010€@ R*4 RHO1
AP-00000020@ R*4 T1

*x R*4 VW



0001
0002
0003
uov4
0005
0006
0007
0008
0009
0010
uull
0012
0013
0014
0015
vo1le
0017
0018
oul9
002u
0021
0022
0023
0024
0U25
0026
0027
ouzs
0023
0030
0031
0032

0033 -

0034
0035
0036
0037
0038
0039
0040
0041
0042
0043
0044
0045
0046
0u47
0048
0049
0050
0051
0052
0053
0054
0055
0056
0057

Jkkkk

425

1099

499

MODIFIED BURCH **x**

SUBROUTINE BURCH(V,D,RHO1,S,THETA,

XN,E1,T1,T2,WT,WTCMC)

VB=V*3280.

DB=D/2.54

CM=SQRT(E1/RHO1)

CM=CM/30.48

SB=5/2.54

IF(THETA.LE.0.001)GO TO 425
CHI=TAN(THETA)-0.5
F2=0.5-1.87*(T1B/D)+(5.*T1B/D-1.6)*CHI**3,0
F2=F2+(1.7-12.*T1B/D)*CHI
F3=0.32*%(T1B/D)**0.83
F3=F3+0.48*(T1B/D)**0.33*(SIN(THETA))**3.,0
T2F=D*((F1+0.63*F2)/XN)*(CM/V)**2,29
T2F=T2F*(D/S)**0.71
T2N=F3*(CM/V)**1,33*D/XN
IF(T2N.GE.T2F)T2B=T2N
IF(T2N.LT.T2F)T2B=T2F

T2B=T2B*2.54

- IF(T2B.GT.T2)NREGION=3

IF(T2B.GT.T2)T2=T28

GO TO 499

CONTINUE

NITSB=0
XK1=(DB/XN)**1.71*(CM/VB)**2,29/SB**0.71
VDELTA=0.0

DELTA3=0.52

DELTA2=2.33*(1.-1.57*DELTA3)
DELTA1=1.33*(2,*DELTA3-1.)

10-Aug-1987 11:29:15
10-Aug-1987 11:29:03

VDELTAl=(1./DELTAL)**DELTA1*(2.8*XK1/(DELTA2*DB**0,57) ) **DELTA2
VDELTA1=VDELTA1*(1.58*XK1*DB**0.57/DELTA3)**DELTA3

IF(VDELTAL.LT.VDELTA) THEN
DELTAL=1.33*(2.*DELTA3-1.04)
T1=DELTAI*VDELTA
T2=VDELTA-T1
GO TO 499

ENDIF

VDELTA=VDELTAL

DELTA3=DELTA3+0.02

IF(DELTA3.GT.0.63) THEN
T1=DELTAL*VDELTA
T2=VDELTA-T1
GO TO 499

ENDIF

GO TO 1099

CONTINUE

T1=T1*2.54

T2=T2*2.54

WT=T1+T2

R12=211.

R22=211.+T2

R11=211,+T2+S

R21=211.+T1+T2+S

VB=4.27*(R21**2.-R11%*2.)

VW=4.27%(R22%*2 ,-R12**2.)

WTCMC=RHO1*VB+2.81*VW

VAX FOR
SAI_USR



0001
0002
0003
0004
0005
0006
0ou7
0008
0009
0010
0011
0012
0013
0014
0015
0016
0017
0018
0019
0020
0021
0022
ovzs
0024
0025
0026
0027
0028
0029
0030
ou3l
0032
0033
0034
V035
0u36
0037
0038
0039
004y
0041
0042
0043
0044
0045
0046
0047
0048
0049
0050
0051
0052
0053
0054
0055
0056
0057

588

577

10-Aug-1987 11:29:15
" 10-Aug-1987 11:29:03

SUBROUTINE PEN4(V,D,RHOP,RHO1,RH02,SY1,SY2,THETA,
T1,T2,WT,WTCMC)
T1=0.16
V=V*3280.
D=D/30.48
RP=D/2.0
RHOP=RHUP*1.94
RHO1=RHO1*1.94
RHO2=RH02*1.94
NITSP=0
NITSP=NITSP+1
NP1=0
T1P=T1/30.48
T2P=FT2P(RHOP,V,RP,SY1,THETA,RHO1,SY2,D,RH02,T1P)
WT=T1P+T2P
IF(NITSP.EQ.1) THEN
T1P1=1.1*T1P
T2P1=FT2P(RHOP,V,RP,SY1,THETA,RHO1,SY2,D,RH02,T1P1)
WT1=T1P1+T2P1
ENDIF
IF(WT1.GT.WT)THEN
T1P1=0.82*T1P1
T2P1=FT2P(RHOP,V,RP,SY1,THETA,RHO1,SY2,D,RH02,T1P1)
WT1=T1P1+T2P1
IF(WT1.GT.WT)THEN
GO TO 599
ELSE
T1P=T1P1
T2P=T2P1
WT=WT1
NP1=NP1+1
IF(NP1.EQ.100)THEN
WRITE(11,*)'NO CONVERGENCE IN PEN4'
GO TO 555
ENDIF
T1P1=0.9*T1P1
T2P1=FT2P(RHOP,V,RP,SY1,THETA,RHO1,SY2,D,RH02,T1P1)
WT1=T1P1+T2P1
GO TO 588
ENDIF
ELSE
T1P=T1P1
T2P=T2P1
WT=WT1
T1P1=1.1*T1P1
T2P1=FT2P(RHOP,V,RP,SY1,THETA,RHO1,SY2,D,RH02,T1P1)
WT1=T1P1+T2P1
IF(WT1.GT.WT)THEN
GO TO 599
ELSE
NP1=NP1+1
IF(NP1.EQ.100)THEN
WRITE(11,*)"'NO CONVERGENCE IN PEN4'
GO TO 555
ENDIF
GO TO 577
ENDIF
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PROGRAM SECTIONS
Name

0 $COLE
1 $PDATA
2 $LOCAL

Total Space Allocated

ENTRY POINTS

Address Type Name

0-00000VV0V PEN4

VARIABLES

Address Type Name
AP-00000008@ R*4 D

*% R*4 R12
AP-00000014@ R*4 RHO2
AP-0000001C@® R*4 SY2
AP-00000028@ R*4 T2
AP-00000004@ R*4 V

Bytes

775
44
120

939

PEN4
0058 ENDIF
0059 599 CONTINUE
0060 0=30.48*D
0061 T1P=30.48*T1P
0062 T2P=30.48*T2P
0063 [F(T1P/D.LE.0.4)VF=4100
vle4 IF(T1P/D.GT.0.4)VF=4986*(T1P/D)**0.21
0065 VF=VF+4000.
0066 IF(V.GT.VF)THEN
0067 WRITE(11,*)'OUTSIDE OF PEN4 LIMITS'
oves GO TO 1100
0069 ENDIF
0070 T1=T1P
0071 T2=T2P
. 0o72 5bb CONTINUE
0073 WT=T1+T2
0074 R12=211.
0075 R22=2211.+T2
0076 R11=211.+T2+10.
0o77 R21=211.+T1+T2+10.
0078 VB=4 ,27*(R21**2,-R11**2.)
0079 VW=4 ,27*(R22**2 .-R12**2.)
ou8L WTCMC=RHO1*VB+RHO2*VW
0081 1100 RETURN
0082 END

Attributes

PIC CON REL LCL
PIC CON REL LCL

10-Aug-1987 11:29:15
10-Aug-1987 11:29:03

SHR  EXE
SHR NOEXE

RD NO
RD NO

PIC CON REL LCL NOSHR NOEXE RD

Address Type Name
*x I*4 NITSP
** R*4 R21
AP-0000000C@ R*4 RHOP
AP-00000024@ R*4 T1
*k R*4 T2pP
** R*4 VB

Address} Type
*% I*4

*Xk R*4
2-00000000 R*4
2-00000004 R*4
*% R*4
2-0000000C R*4

VAX FOf
SAI_USI

WRT LONG
WRT LONG
WRT LONG

Name

NP1
R22
RP
T1P
T2P1
VF



"INV 19T ATTYNOLLNALNI 49Vd STHL




IMPACTSV

IMPACTSV is a spacecraft protective systems design optimization code
similar to IMPACTS. IMPACTSV differs from IMPACTS in that the optimal
design 1is weighted according to the chosen space debris velocity
probability distribution. IMPACTS5V employs the Geometric Programming
optimization technique in evaluating a number of nonlinear piecewise
continuous, functional impact predictors. These include the Nysmith,
Boeing, Madden, Wilkinson, and Burch predictors. Inputs vary depending
on the predictor used, however, typical inputs include the space debris
velocity distribution file, projectile characteristics (as determined from
METEOR1 or DEBRIS1), design material properties, and general design
configuration. In particular, IMPACT5V is an optimization code for a
single bumper, single wall configuration. Outputs include the optimal
design thicknesses (bumper and wall) and the minimum design weight.
The velocity distribution files for 500 Km altitude and 30 degree
inclination (S00KM30DEG.DAT) and 60 degree inclination (500KM60
DEG.DAT) follow. The file being used must be assigned to FOR012 before
running IMPACTSV. Sample input (IMPACTSV.IN), output
(IMPACTS5V.OUT), and program listing (IMPACTSV.LIS) follow the velocity
distribution files.
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5

1

0.84

10.

2

0.84
2.31
2.81
2.81

10.
0.401
7344000,
7344000,
0.

0.85
7.239€11
3

0.84
2.81

10.

2.81

4

0.84
2.81
2.81
2.81
10.
0.401

5

0.84
2.81
10.°

0.

0.85
7.239€11

INUMBER OF CASES

INYSMITH PREDICTOR

!PROJ. DIAMETER IN CM

!BUMPER/WALL SEPARATION IN CM

!BOEING PREDICTOR

!PROJ. DIA. IN CM

IPROJ. DENSITY IN GM/CUBIC CM

!BUMPER DENSITY IN GM/CUBIC CM

IWALL DENSITY IN GM/CUBIC CM

IBUMPER/WALL SEPARATION IN CM

IWALL MATERIAL CONSTANT

IBUMPER YIELD STRENGTH IN LB/SQUARE FOOT

IWALL YIELD STRENGTH IN LB/SQUARE FOOT

I IMPACT ANGLE FROM NORMAL

INUMBER OF PLATES TO PENETRATE AFTER 1ST BUMPER
!YOUNG'S MODULUS FOR BUMPER IN GM/CM-SQUARE SEC
!MADDEN PREDICTOR

!PROJ. DIA. IN CM

!PROJ. DENSITY IN GM/CUBIC CM

!BUMPER/WALL SEPARATION IN CM

IBUMPER/WALL DENSITY IN GM/CUBIC CM

IWILKINSON PREDICTOR

!PROJ. DIA. IN CM

!PROJ. DENSITY IN GM/CUBIC CM

!BUMPER DENSITY IN GM/CUBIC CM

!WALL DENSITY IN GM/CUBIC CM

!BUMPER/WALL SEPARATION IN CM

IWALL MATERIAL CONSTANT

!BURCH PREDICTOR

!PROJ. DIA. IN CM

!BUMPER DENSITY IN GM/CUBIC CM

!BUMPER/WALL SEPARATION IN CM

IIMPACT ANGLE FROM NORMAL

!NUMBER OF PLATES TO PENETRATE AFTER 1ST BUMPER
IYOUNG'S MODULUS FOR BUMPER IN GM/CM-SQUARE SEC

ORIGINAL PAGE 1S
OF POOR QUALITY



ANV JA9T ATTVNOLLNALNI HDVd SIHL




NYSMITH

INPUT

PROJECTILE DIAMETER IN CM =  0.8400000
BUMPER/WALL SEPARATION IN CM = 10.00000

OQUTPUT

BUMPER THICKNESS =  0.2498978 CM
WALL THICKNESS = 0.4648098 CM
MIN. WEIGHT = 0.7147076 CM

CMC MIN. WEIGHT = 3685.385 KG

BOEING

INPUT

PROJECTILE DIAMETER IN CM =  0.8400000

PROJECTILE DENSITY IN GM/CUBIC CM = 2.810000
BUMPER DENSITY IN GM/CUBIC CM = 2.810000

WALL DENSITY IN GM/CUBIC CM = 2.810000
BUMPER/WALL SEPARATION IN CM = 10.00000

WALL MATERIAL CONSTANT = 0.4010000

BUMPER YIELD STRENGTH IN LB/SQUARE FT = 7344000.
WALL YIELD STRENGTH IN LB/SQUARE FT = 7344000.
IMPACT ‘ANGLE FROM NORMAL IN DEGREES =  0.0000000E+00

NUMBER OF PLATES TO PENETRATE AFTER FIRST BUMPER =  0.8500000
BUMPER YOUNGS MODULUS IN GM/CM-SQUARE SEC =  7.2389997E+11

INSIDE OF PEN4 LIMITS
INSIDE OF PEN4 LIMITS
QuTPUT

BUMPER THICKNESS = 0.1605087 CM
WALL THICKNESS = 0.5884032 CM

MIN. WEIGHT = 0.7489119 CM
CMC MIN. WEIGHT = 3837.381 KG

MADDEN
INPUT

PROJECTILE DIAMETER IN CM =  0.8400000
PROJECTILE DENSITY IN GM/CUBIC CM = 2.810000
BUMPER/WALL DENSITY IN GM/CUBIC CM = 2.810000
BUMPER/WALL SEPARATION IN CM = 10.00000

OUTPUT

BUMPER THICKNESS = 0.3522651 CM
WALL THICKNESS = 0.3522651 CM
MIN. WEIGHT = 0.7045302 CM

CMC MIN. WEIGHT = 3657.869 KG



WILKINSON

INPUT

PROJECTILE DIAMETER IN CM = 0.8400000
PROJECTILE DENSITY IN GM/CUBIC CM = 2.810000
BUMPER DENSITY IN GM/CUBIC CM = 2.810000
WALL DENSITY IN GM/CUBIC CM = 2.810000
BUMPER/WALL SEPARATION IN CM = 10.00000

WALL MATERIAL CONSTANT =  0.4010000
ouTPUT

BUMPER THICKNESS = 0.1978996 CM
WALL THICKNESS = 0.1978996 CM

MIN. WEIGHT = 0.3957993 CM™
CMC MIN. WEIGHT = 2053.512 KG

MODIFIED BURCH

INPUT

PROJECTILE DIAMETER IN CM =  0.8400000
BUMPER DENSITY IN GM/CUBIC CM = 2.810000
BUMPER/WALL SEPARATION IN CM = 10.00000

IMPACT ANGLE FROM NORMAL IN DEGREES =  0.0000000E+00
NUMBER OF PLATES TO PENETRATE AFTER FIRST BUMPER =  0.8500000
BUMPER YOQUNGS MODULUS IN GM/CM-SQUARE SEC =  7.2389997E+11

OuTPUT

BUMPER THICKNESS =  0.1434212 CM
WALL THICKNESS = 0.6418241 CM
MIN. WEIGHT = 0.7852453 CM

CMC MIN. WEIGHT = 4017 .877 KG



0001
0002
0003
0004
0005
0006
0007
0008
0009
0010
0011

0012

0013
0014
0015
0016
0017
0018
0019
0020
0021
0022
0023
0024
0025
0026
0027
0028
0029
0030
0031
0032
0033
0034
0035
0036
0037
0038
0039
0040
0041
0042
0043
0044
0045
0046
0047
0048
0049
0050
0051
0052
0053
0054
0055
0056
0057

24

25

26

35

10-Aug-1987 11:43:04
10-Aug-1987 11:42:56

DIMENSION XPV(16)
OPEN(UNIT=12,TYPE='0LD' ,ACCESS="'SEQUENTIAL')
OPEN(UNIT=10,TYPE="0LD' ,NAME="'IMPACT5V.IN' ,ACCESS="SEQUENTIAL")
OPEN(UNIT=11,TYPE="NEW' ,NAME='IMPACT5V.0UT' ,ACCESS="'SEQUENTIAL")
DO 24 I=1,16
READ(12,*)IV,XPV(IV)
CONTINUE
READ(10,* )NRUNS
DO 10 I=1,NRUNS
READ(10,*)NCODE
IF(NCODE.EQ.1)GO TO 25
IF(NCODE.EQ.2)GO TO 35
IF(NCODE.EQ.3)GO TO 45
IF(NCODE.EQ.4)GO TO 55
IF(NCODE.EQ.5)GO TO 65
READ(10,*)D
READ(10,*)H
WRITE(11,*)" NYSMITH'
WRITE(11,*)
NRITE(ll,*;' INPUT'
)! PROJECTILE DIAMETER IN CM = ',D
)! ~ BUMPER/WALL SEPARATION IN CM = ',H
WRITE(11,*)
TiT=0.0
T27=0.0
DO 26 J=1,16
V=FLOAT(J)
CALL NYSMITH(V,D,H,T1,T2,WT,WTCMC)
TIT=T1T+T1*XPV(J)
T2T=T2T+T2*XPV(J)
CONTINUE
T1=T1T
T2=T2T
WT=T1+T2
WTCMC=T1**2 ,+2 ,*T1*(211,+T2+H)+T2%*2 ,+422 ,*T2
WTCMC=12 . *WTCMC

WRITE(11,*)'
WRITE(11,*)

OUTPUT'

BUMPER THICKNESS = ',T1,'CM'
WALL THICKNESS = ',T2,'CM'
MIN. WEIGHT = ',WT,'CM'

CMC MIN. WEIGHT = ',WTCMC,'KG'

READ(10,* )RHOP
READ(10,*)RHO1
READ(10,*)RHO02
READ(10,*)S
READ(10,*)XL2
READ(10,*)SY1
READ(10,*)SY2
READ(10,*)THETA
READ(10,*)XN

VAX FORTRAN
SAI_USRDI S
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58 READ(10,*)E1
59 WRITE(11,*)" BOEING'
60 WRITE(11,*)
61 WRITE(11,*)" INPUT' l
62 WRITE(11,*)
63 WRITE(11,*)" PROJECTILE DIAMETER IN CM = ',D
64 WRITE(11,*)" PROJECTILE DENSITY IN GM/CUBIC CM = ',RHOP I
65 WRITE(11,*)" BUMPER DENSITY IN GM/CUBIC CM = ‘,RHO1
66 WRITE(11,*)" WALL DENSITY IN GM/CUBIC CM = ',RHO02
67 WRITE(11,*)" BUMPER/WALL SEPARATION IN CM = ',S
68 WRITE(11,*)" WALL MATERIAL CONSTANT = ',XL2 l
69 WRITE(11,*)" BUMPER YIELD STRENGTH IN LB/SQUARE FT = ',SY1
70 WRITE(11,*)" WALL YIELD STRENGTH IN LB/SQUARE FT = “,SY2
71 WRITE(11,*)" IMPACT ANGLE FROM NORMAL IN DEGREES = ',THETA I
72 WRITE(11,*)" NUMBER OF PLATES TO PENETRATE AFTER FIRST',
73 ' BUMPER = ',XN
174 WRITE(11,*)" BUMPER YOUNGS MODULUS IN GM/CM-SQUARE', I
175 & ' SEC = ',E1
176 WRITE(11,*)
177 T1T=0.0
178 T27=0.0 I
179 DO 36 J=1,16
180 V=FLOAT(J)
181 CALL BOEING(V,D,RHOP,RHO1,RH02,S,XL2,5Y1,SY2,THETA, I
82 & XN.EL,T1.T2.WT,WTCMC)
183  TIT=TIT+XPV(J)*T1
)84 T2T=T2T+XPV (J)*T2
85 36 CONTINUE I
)86 . Ti=T1T
187 T2=T2T
)88 WT=T1+T2 : I
)89 R12=211.
)90 R222211,+T2
91 , R11=211.+T2+S
)92 R21=211.+T1+T2+S l
)93 VB=4.27*(R21**2.-R11**2.)
)94 VW=4 ,27%(R22%*2 ,-R12**2.)
195 WTCMC=RHO1*VB+RHO2*VW I
)96 WRITE(11,*)" OUTPUT'
297 WRITE(11,*)
198 WRITE(11,*)" BUMPER THICKNESS = ',T1,'CM'
299 WRITE(11,*)" WALL THICKNESS = ',T2,'CM’ I
100 WRITE(11,*)" MIN. WEIGHT = ',WT,'CM'
101 WRITE(11,*)" CMC MIN. WEIGHT = ',WTCMC,'KG'
102 WRITE(11,*) I
103 WRITE(11,*)
104 WRITE(11,*)
105 GO TO 10
106 45 READ(10,*)D l
107 READ(10,* )RHOP
108 READ(10,*)S
109 READ(10,*)RHO l
110 WRITE(11,*)" MADDEN'
111 WRITE(11,*)
112 WRITE(11,*)' INPUT'
113 WRITE(11,*) ' I
114 WRITE(11,*)" PROJECTILE DIAMETER IN CM = ',D



IMPACTS5V$MAIN 10-Aug-1987 11:43:04 VAX FORTRAN
10-Aug-1987 11:42:56 SAI_USRDISK

0115 WRITE(11,*)' PROJECTILE DENSITY IN GM/CUBIC CM = ',RHOP

0116 WRITE(11,*)" BUMPER/WALL DENSITY IN GM/CUBIC CM = ',RHO

0117 WRITE(11,*)" BUMPER/WALL SEPARATION IN CM = ',S

0118 WRITE(11,*)

0119 T17=0.0

0120 T27=0.0

0121 DO 46 J=1,16

0122 V=FLOAT(J)

0123 CALL MADDEN(V,D,RHOP,S,RHO,T1,T2,WT,WTCMC)

0124 TIT=TIT+T1*XPV(J)

0125 T2T=T2T+T2*XPV(J)

0126 46 CONTINUE

0127 T1=T1T

0128 T2=T2T

0129 WT=T1+T2

0130 R12=211.

0131 R22=211.+T2

0132 R11=211.+T2+S

0133 R21=211.+T1+T2+S

0134 VB=4,27*(R21**2,-R11**2,)

0135 VW=4,27*(R22**2,-R12**2,)

0136 WTCMC=RHO* (VB+VW)

0137 WRITE(11,*)' ouTPUT'

0138 WRITE(11,*)

0139 WRITE(11,*)' BUMPER THICKNESS = ',T1,'CM'

0140 WRITE(11,*)' WALL THICKNESS = ',T2,'CM'

0141 WRITE(11,*)’ MIN. WEIGHT = ', WT,'CM’

0142 WRITE(11,*)' CMC MIN. WEIGHT = ',WTCMC,'KG'

0143 ‘ WRITE(11,*)

0144 WRITE(11,*)

0145 WRITE(11,*)

0146 GO TO 10

0147 55 READ(10,*)D

0148 READ(10,*)RHOP

0149 "~ READ(10,*)RHO1

0150 READ(10, *)RH02

0151 READ(10,*)

0152 READ(10, *)XLZ

0153 WRITE(11,*)' WILKINSON'

0154 WRITE(11,*)

0155 WRITE(11,*)' INPUT'

0156 WRITE(11,*)

0157 WRITE(11,*)' PROJECTILE DIAMETER IN CM = ',D

0158 WRITE(11,*)' PROJECTILE DENSITY IN GM/CUBIC CM = ',RHOP

0159 WRITE(11,*)" BUMPER DENSITY IN GM/CUBIC CM = ',RHO1

0160 WRITE(11,*)' WALL DENSITY IN GM/CUBIC CM = ',RHO2

0161 WRITE(11,*)' BUMPER/WALL SEPARATION IN CM = ',S

0162 WRITE(11,*)" WALL MATERIAL CONSTANT = ',XL2

0163 WRITE(11,*)

0l64 T1T=0.0

0165 T27=0.0

0166 DO 56 J=1,16

0167 V=FLOAT(J)

0168 CALL WILKINSON(V,D,RHOP,RHO1,RH02,S,XL2,

0169 T1,T2,WT,WTCMC)

0170
0171

T1T=T1T+T1*XPV(J)
T2T=T2T+T2*XPV(J)
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0172
0173
0174
0175
0176
0177
0178
0179
0180
0181
0182
0183
0184
0185
0186
0187
0188
0189
0190
0191
0192
0193
0194
0195
0196
0197
0198
0199

© 0200

0201
0202
0203
0204
0205
0206
0207
0208
0209
0210
0211
0212
0213
0214
0215
0216
0217
0218
0219
0220
0221
0222
0223
0224
0225
0226
0227
0228

56

65

ok ki k

66

CONTINUE

T1=T1T

T2=T2T

WT=T1+T2
R12=211.
R22=211.+T2
R11=211.+T2+S
R21=211.+T1+T2+S

10-Aug-1987 11:43:04
10-Aug-1987 11:42:56

VB=4,27*(R21**2.-R11**2.)
VW=4,27*(R22**2 ,-R12**2.)
WTCMC=RHO1*VB+RHO2*VW

WRITE(11,*)"
WRITE(11,*)
WRITE(11,*)"
WRITE(11,*)’
WRITE(11,*)"
WRITE(11,*)'
WRITE(11,%*)
WRITE(11,*)
WRITE(11,*)
GO TO 10
READ(10,*)D
READ(10,*)RHO1
READ(10,*)S
READ(10,*)THETA
READ(10,*)XN
READ(10,*)El
MODIFIED BURCH
WRITE(11,*)’
WRITE(11,*)
WRITE(11,*)'
WRITE(11,*)
WRITE(11,*)"
WRITE(11,*)"
WRITE(11,*)'
WRITE(11,*)'
WRITE(11,*)"

WRITE(11,*)'

WRITE(11,*)
T1T=0.0
T27=0.0

DO 66 J=1,16
V=FLOAT(J)

"PROJECTILE DIAMETER IN CM = ',D

OUTPUT'

BUMPER THICKNESS = ',T1,'CM'
WALL THICKNESS = ',T2,'CM'
MIN. WEIGHT = ',WT,'CM'

CMC MIN. WEIGHT = ',WTCMC,'KG'

Jek kK

MODIFIED BURCH'
INPUT'

BUMPER DENSITY IN GM/CUBIC CM = ',RHO1
BUMPER/WALL SEPARATION IN CM = ',S
IMPACT ANGLE FROM NORMAL IN DEGREES = ',THETA
NUMBER OF PLATES TO PENETRATE AFTER FIRST',
BUMPER = ' XN
BUMPER YOUNGS MODULUS IN GM/CM-SQUARE',

' SEC = ',El

CALL BURCH(V,D,RHO1,S,THETA,
XN,E1,T1,T2,WT,WTCMC)

TIT=TLT+T1*XPV(J)
T2T=T2T+T2*XPV(J)
CONTINUE

T1=T1T

T2=TeT

WT=T1+T2

R12=211.
R22=211.+T2
R11=211.+T2+S
R21=211.+T1+T2+$

VAX FORTRA
SAI_USRDi
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0229
0230
0231
0232
0233
0234
0235
0236
0237
0238
0239
0240
0241
0242 10
0243
0244

PROGRAM SECTI
Name

0 $CODE
1 $PDATA
2 $LOCAL

10-Aug-1987 11:43:04
10-Aug-1987 11:42:56

VB=4,27*(R21**2,-R11**2.)
VW=4,27*(R22**2,-R12**2.)
WTCMC=RHO1*VB+2.81*VW

WRITE(11,*)'
WRITE(11,*)
WRITE(11,*)
- WRITE(11,*)
WRITE(11,*)
WRITE(11,*)
WRITE(11,*)
WRITE(11,*)
WRITE(11,*)
GO TO 10
CONTINUE
STOP
END

ONS

Total Space Allocated

ENTRY POINTS
Address

0-00000000

VARIABLES
Address

2-0000004C
2-00000040
k%

2-00000090
2-00000074
*x

2-00000054
2-00000064

Type Name
IMPACTSVSMAIN

Type Name

R*4 D

I*4 1V
R*4 R11
R*4 RHO
R*¥4 S

R*4 T1T
R*4 V

R*4 WTCMC

OuTPUT'

BUMPER THICKNESS = ',T1,'CM’
WALL THICKNESS = ',T2,'CM'
MIN. WEIGHT = ',WT,'CM'

CMC MIN. WEIGHT = ',WTCMC,‘KG'

Bytes Attributes

4728 PIC CON REL LCL  SHR  EXE
741  PIC CON REL LCL  SHR NOEXE

692 PIC CON REL LCL NOSHR NOEXE
6161
Address Type Name Address
2-0000008C R*4 El 2-00000050
** I*4 2-00000048
** R*4 R12 *k
2-0000006C R*4 RHO1 2-00000070
2-0000007C R*4 SY1 2-00000080
2-0000005C R*4 T2 *k
* % R*4 VB %k
2-00000078 R*4 XL2 2-00000088

VAX FORTRAN
SAI_USRDISK

RD NOWRT LONG
RD NOWRT LONG

RD

Type

R*4
I*4
R*4
R*4
R*4
R*4
R*4
R*4

WRT LONG

Name

NCODE
R21
RHO2
Sy2
T2T

XN



10-Aug-1987 11:43:04 VAX FORTR
10-Aug-1987 11:42:56 SAI_USRDi

0001 SUBROUTINE NYSMITH(V,D,H,T1,T2,WT,WTCMC)
0002 DMAX=0,24*H*V**-0,2 '
0003 IF(D.GT.DMAX) THEN

0004 WRITE(11,*)' NO SOLUTION--PROJ. DIA. TOO LARGE FOR NYSMITH'
0005 GO TO 16

0006 ENDIF

0007 T1=1,93*V**0,18*D**1.91/H**0.91

0008 T2=1.86*T1

0009 16 CONTINUE

0010 RETURN

0011 END

PROGRAM SECTIONS
Name
0 $CODE
1 $PDATA
2 $LOCAL

Total Space Allocated

ENTRY POINTS
Address Type Name
0-00000000 NYSMITH

VARIABLES
Address Type Name
AP-00000008@ R*4 D

Bytes  Attributes

150 PIC CON REL LCL
49  PIC CON REL LCL

SHR  EXE  RD NOWRT LONG
SHR NOEXE  RD NOWRT LONG

8 PIC CON REL LCL NOSHR NOEXE RD  WRT LONG

207

Address Type Name
** R*4  DMAX

AP-000000146@ R*4 T2 AP-00000004@ R*4 V

LABELS
Address Label

0-00000095 16

Address Type Name

AP-0000000C@ R*4 H
AP-00000018@ R*4 WT

10-Aug-1987 11:43:04 VAX FORT!I
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0001 SUBROUTINE BOEING(V,D,RHOP,RHO1,RH02,S,XL2,SY1,SY2,THETA,
0002 & XN,E1,T1,T2,WT,WTCMC)
0003 ***f** pEN4 Je etk i
0004 T1=0.16

. 0005 V=V*3280.,
0006 . D=D/30.48
0007 RP=D/2.0
0008 RHOP=RHOP*1 ,94
0009 RHO1=RHO1*1.94
0010 RHO2=RH02*1,94
0011 NITSP=0 :
0012 NITSP=NITSP+1
0013 NP1=0
0014 T1P=T1/30.48
0015 T2P=FT2P(RHOP,V,RP,SY1,THETA,RHO1,SY2,D,RH02,T1P)
0016 WT=T1P+T2P
0017 IF(NITSP.EQ.1)THEN
0018 T1P1=1.1*T1P .
0019 T2P1=FT2P(RHOP,V,RP,SY1, THETA ,RHO1,SY2,D,RH02,T1P1)
0020 WT1=T1P1+T2P1
0021 - ENDIF
0022 IF(WT1.GT.WT)THEN
0023 T1P1=0.82*T1P1
0024 T2P1=FT2P(RHOP,V,RP,SY1,THETA,RHO1,SY2,D,RH02,T1P1)
0025 WT1=T1P1+T2P1
0026 590 IF(WT1.GT.WT)THEN
0027 : GO TO 601
0028 ELSE
0029 T1P=T1P1
0030 , T2P=T2P1
0031 WT=WT1
0032 NP1=NP1+1
0033 : IF(NP1.EQ.100)THEN
0034 WRITE(11,*)" NO CONVERGENCE IN PEN4'
0035 GO TO 557
0036 ENDIF
0037 T1P1=0.9*T1P1
0038 T2P1=FT2P(RHOP,V,RP,SY1,THETA,RH01,SY2,D,RHO2 ,T1P1)
0039 WT1=T1P1+T2P1
0040 GO TO 590
0041 ENDIF

- 0042 ELSE
0043 579 TiP=T1P1
0044 T2P=T2P1
0045 WT=WT1
0046 T1P1=1.1*T1P1
0047 T2P1=FT2P(RHOP,V,RP,SY1,THETA, RHOl SY2,D,RH02,T1P1)
0048 WT1=T1P1+T2P1
0049 IF(WT1.GT.WT)THEN
0050 GO TO 601
0051 ELSE
0052 NP1=NP1+1
0053 IF(NP1.EQ.100) THEN
0054 WRITE(11,*)' NO CONVERGENCE IN PEN4'
0055 GO TO 557
0056 ENDIF
0057 GO TO 579

" ORIGINAL PAGE IS
OE POOR QUALITY
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0058
0059

- 0060

0061
0062
0063
0064
0065
0066
0067
0068
0069
0070
0071
0072
0073
0074
0075
0076
0077
0078
0079
0080
0081
0082
0083
0084
0085
0086
0087
0088
0089
0090
0091
0092
0093
0094
0095
0096
0097
0098
0099
0100
0101
0102
0103
0104
0105
0106
0107
0108
0109
0110
0111
0112
0113
0114

BOEING

601

557

ek Kk

dekkdkk

125

1099

LUSRUY=4L170/ LL1.4£.00

ENDIF
ENDIF
CONTINUE
D=30.48*D
RHOP=RHOP/1.94
RHO1=RHO1/1.94
RH02=RH02/1.94
T1P=30.48*T1P
T2P=30.48*T2P
IF(T1P/D.LE.0.4)VF=4100
IF(T1P/D.GT.0.4)VF=4986*(T1P/D)**0.21
VF=VF+4000.
IF(V.LE.VF)THEN
WRITE(11,*)'  INSIDE OF PEN4 LIMITS'
T1=T1P
T2=T2p
GO TO 1102
ENDIF
CONTINUE
WILKINSON %k .
V=V/3280. _ ORIGINAL PAGE 1y
T1=0.604*D**2, *RHOP/$S OE POOR QuALITY
T1=T1*SQRT(V/(XL2*RHO1*RH02) )
RATI0=D*RHOP/(T1*RHO1)
IF(RATI0.6T.1.0)T2=T1
IF(RATIO.LE.1.0)T2=T1/RATIO
MODIFIED BURCH ****x
VB=V*3280.
DB=D/2.54
CM=SQRT(E1/RHO1)
CM=CM/30.48
SB=S/2.54
IF (THETA,LE.0.001)60 TO 125
CHI=TAN(THETA)-0.5
F2=0.5-1.87*(T1B/D)+(5.*T1B/D-1.6)*CHI**3.0
F2=F2+(1.7-12.*T1B/D)*CHI
F3=0.32*(T1B/D)**0.83
F3=F3+0,48*(T1B/D)**0.33*(SIN(THETA) ) **3.0
T2F=D*((F1+0.63*F2)/XN)*(CM/V)**2.29
T2F=T2F*(D/S)**0.71
T2N=F3*(CM/V)**1.33*D/XN
IF(T2N.GE.T2F)T2B=T2N
IF(T2N.LT.T2F)T2B=T2F
T2B=T2B*2.54
IF(T2B.GT.T2)NREGION=3
IF(T28.GT.T2)T2=T28
G0 TO 155
CONTINUE
T1B1=T1/2.54
NITSB=0
XK1=(DB/XN)**1.71*(CM/VB)**2.29/SB**0.71
VDELTA=0.0
DELTA3=0.52
DELTA2=2.33*(1.-1.57*DELTA3)
DELTA1=1,33*(2.*DELTA3-1.)
VDELTAL=(1./DELTAL)**DELTAL*(2.8*XK1/(DELTA2*DB**0.57) ) **DELTA2
VDELTAL=VDELTAL*(1.58*XK1*DB**0.57/DELTA3)**DELTA3
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1IN A 1007 11 .A0n.CC

JAL LONUV

VAX FORT

CAT 1ICNNTC



1LU=HAUY=130/ L1:4£.00 JHL_UJI'\UJ.JI‘

0115 | IF(VDELTAL1.LT.VDELTA)THEN

0116 DELTA1=1,33*(2.*DELTA3-1.04)

0117 T1B=DELTA1*VDELTA

0118 T2B=VDELTA-T18B

0119 GO TO 499

0120 ENDIF

0121 VDELTA=VDELTAL

0122 DEI(.TA3=DELTA3+0.0§ ORIGINAL PAGE IS
0123 IF(DELTA3.GT.0.63)THEN

0124 T1B=DELTA1*VDELTA OF POOR QUALITY
0125 T2B=VDELTA-T1B

0126 GO TO 499

0127 ENDIF

0128 GO TO 1099

0129 499 CONTINUE
0130 *k%%* COMPARISON OF MODIFIED BURCH AND WILKINSON ‘¥
0131 199 CONTINUE

0132 T10W=T1/2.54

0133 F10W=1.58*(DB/T10W)**0.57+2.80*( T10W/DB)**0.57
0134 T2BT10W=(F10W/XN)**1,71*(CM/VB)**2,29*DB**1,71
0135 T2BT10W=T2BT10W/SB**0.71

0136 T2BT10W=T2BT10W*2.54

0137 RATIOB=(DB*RHOP)/(RHO1*T1B)

0138 T2WT10B=0.364*D**3 ,*RHOP*V/ (XL2*RH02*S**2,)
0139 IF(RATIOB.GT.1.0)T2WT10B=T2WT10B*RATIOB
0140 IF(T2BT10W.GT.T2)T2=T2BT10W

0141 T2B=T2B*2.54

0142 [F(T2WT10B.GT.T2B) T2B=T2WT108

0143 T1B=T1B*2.54

0144 IF(T1B+T2B.LT.T1+T2) THEN

0145 T1=T1B

0146 . T2=T2B

0147 ENDIF

0148 155 CONTINUE

0149 1102 IF(T2.LE.0.01)THEN

0150 SIGMA=5Y2/144,

0151 T2=3099.1/SIGMA

0152 . ENDIF

0153 156 RETURN

0154 END

BOEING » - 10-Aug-1987 11:43:04 VAX FORTRAN
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0001 FUNCTION FT2B(DB,T1B,XN,CM,VB,SB)
0002 F1=2.42*(DB/T18)**0.33+4.26*(T1B/DB)**0.33
0003 F1=F1-4.18 l
0004 FT2B=(FL/XN)**1.71*(CM/VB)**2 .29%DB**1,71/SB**0.71
0005 RETURN
0006 END

PROGRAM SECTIONS
Name

0 $CODE
2 $LOCAL

Total Space Allocated

ENTRY POINTS
Address Type Name
0-00000000 R*4 FT2B

VARIABLES
Address Type Name

AP-00000010@ R*4 CM
AP-00000008@ R*4 T1B

Bytes  Attributes
163 PIC CON REL LCL SHR EXE RD NOWRT LONG
4 PIC CON REL LCL NOSHR NOEXE RD  WRT LONG
167
Address Type Name - Address Type Name
AP-00000004@ R*4 DB *k R*4 F1
AP-00000014@ R*4 VB AP-0000000C@ R*4 XN

10-Aug-1987 11:43:04 VAX FORT
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0001 FUNCTION FT2P(RHOP,V,RP,SY1,THETA,RHO1,SY2,D,RH02,T1P)

0002 A=1,33*RHOP*(V*RP)**2,

0003 B=8.0*SY1*EXP(-3,125E-04*V)/COS(THETA)

0004 C=1.33*RHOP*RP**2.0

0005 D1=RP*RHO1/COS(THETA)

0006 XK1=1.67*(RHOP/(2.*SY2) )**0.31

0007 XK1=XK1*(0.281*D*RHOP/RH02)**0.33

0008 XK1=XK1*COS(THETA)

0009 C1P1=(A-B*T1P)/(C+D1*T1P)

0010 IF(C1P1.LE .0,001)THEN ORIGINAL pans o+

(O 5 SO

0011 FT2P=0.0 o S
0012 G0 TO 999 OF POOR QuALITY
0013 ENDIF

0014 FT2P=XK1*C1P1%*0.31

0015 999  RETURN

0016 END

PROGRAM SECTIONS

Name Bytes Attributes
0 $CODE 222 PIC CON REL LCL SHR EXE RD NOWRT LONG
2 $LOCAL 4 PIC CON REL LCL NOSHR NOEXE RD  WRT LONG

Total Space Allocated 226

ENTRY POINTS
Address Type Name
0-00000000 R*4 FT2P

VARIABLES

Address Type Name
** R*4 A
AP-00000020@ R*4 D
AP-00000004@ R*4 RHOP
AP-00000028@ R*4 T1P
LABELS

Address Label

0-000000D9 999

FT2P

Address Type Name

*k R*4

*%* R*4
AP-0000000C@ R*4
AP-00000014@ R*4

D1
THETA

Address Type Name

*k R*4
AP-00000018@ R*4
AP-00000010@ R*4
AP-00000008@ R*4

10-Aug-1987 11:43:04
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0001 SUBROUTINE MADDEN(V,D,RHOP,S,RHO,T1,T2,WT,WTCMC)
0002 V=V*1.E05

0003 T1=0,009*SQRT(V)*RHOP*D**2.0

0004 T1=T1/(S*RHO**1.5)

0005 T2=T1

0006 RETURN

0007 END

PROGRAM SECTIONS
Name

0 $CODE

Total Space Allocated

ENTRY POINTS
Address Type

0-00000000

VARIABLES
Address Type
AP-00000008@ R*4

AP-00000018@ R*4
AP-00000024@ R*4

Name

MADDEN

Name

D
T1
WTCMC

Bytes Attributes

69 PIC CON REL LCL

69

Address Type Name

AP-00000014@ R*4 RHO
AP-0000001Ce@ R*4 T2

FUNCTIONS AND SUBROUTINES REFERENCED

Type Name
R*a MTH$SQRT

LU=RAUY=170/ L1:i4£.90 QHL_U.)NUI

SHR  EXE  RD NOWRT LONG

Address Type Name

AP-0000000C@ R*4 RHOP
AP-000000048@ R*4 V

10-Aug-1987 11:43:04 VAX FORT
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0001 SUBROUTINE WILKINSON(V,D,RHOP,RHO1,RH02,S,XL2,
0002 & T1,T2,WT,WTCMC)

0003 T1=0.604*D**2.*RHOP/S

0004 T1=T1*SQRT(V/(XL2*RHO1*RH02))

0005, RATIO0=D*RHOP/(T1*RHO1)

0006 IF(RATIO0.GT.1.0)T2=T1

0007 ’ IF(RATIO.LE.1.0)T2=T1/RATIO

0008 RETURN

0009 END

PROGRAM SECTIONS
Name

0 $CODE

Bytes Attributes

LU=HAUY=LI0/ LLl.4Z.V0V

(H{u,iy P
OE POOR Qb/ﬁ{»”

vl

GHL UORULOT

87 PIC CON REL LCL SHR EXE RD NOWRT LONG

Total Space Allocated 87

ENTRY POINTS
Address Type
0-00000000

VARIABLES
Address Type
AP-00000008@ R*4

AP-0000000C@ R*4
AP-00000004@ R*4

Name

WILKINSON

Name Address Type
D %k R*4
RHOP AP-00000018@ R*4
v AP-00000028@ -R*4

FUNCTIONS AND SUBROUTINES REFERENCED

Type Name
R*4 MTH$SQRT

Name

RATIO
S
WT

Address Type

AP-00000010@ R*4
AP-00000020@ R*4
AP-0000002C@ R*4

10-Aug-1987 11:43:04

1N Avim 1NOT 11 .ANn . Cr

Name
RHO1
WTCMC

VAX.FORTRAN

CAT HICANT O



0001
0002
0003
0004
0005
0006
- 0007
0008
0009
0010
0011
0012
0013
0014
0015
0016
0017
0018
0019
0020
0021
0022
0023
0024
0025
0026
0027
0028
0029
0030
0031
0032
0033
0034
0035
0036
0037
0038
0039
0040
0041
0042
0043
0044
0045
0046
0047
0048
0049
0050
0051

| BURCH

* k% kk

425

1099

499

LU=HUY=LYO/ LLI4£:00

MODIFIED BURCH **xx
SUBROUTINE BURCH(V,D,RHO1,S,THETA,
XN,E1,T1,T2,WT,WTCMC)
VB=V*3280.
DB=0/2.54
CM=SQRT(E1/RHO1)
CM=CM/30.48
$B=5/2.54
IF(THETA.LE.0.001)GO TO 425
CHI=TAN(THETA)-0.5
F2=0,5-1,87*(T1B/D)+(5.*¥T1B/D-1.6)*CHI**3.0
F2=F2+(1.7-12.*T1B/D)*CHI
F3=0.32*(T1B/D)**0.83
F3=F3+0.48*(T1B/D)**0.33*(SIN(THETA) ) **3.0
T2F=D*((F1+0.63*F2)/XN)*(CM/V)**2,29
T2F=T2F*(D/S)**0.71
T2N=F3*(CM/V)**1.33*D/XN
IF(T2N.GE.T2F)T2B=T2N
IF(T2N.LT.T2F)T2B=T2F
T2B=T2B*2.54
IF(T2B.6T.T2)NREGION=3
IF(T2B.GT.T2)T2=T28
GO TO 499
CONTINUE
NITSB=0
XK1=(DB/XN)**1,71%(CM/VB)**2,29/SB**0.71
VDELTA=0.0
DELTA3=0.52
DELTA2=2.33*(1.-1.57*DELTA3)
DELTAL=1.33*(2.*DELTA3-1.)
VDELTAL=(1./DELTAL)**DELTAL*(2.8*XK1/(DELTA2*DB**0.57) ) **DELTA2
VDELTA1=VDELTAL*(1.58*XK1*DB**0,57 /DELTA3) **DELTA3
IF (VDELTAL.LT.VDELTA) THEN
DELTAL=1.33*(2 ,*DELTA3-1.04)
T1=DELTAL*VDELTA
T2=VDELTA-T1
GO TO 499
ENDIF
VDELTA=VDELTAL
DELTA3=DELTA3+0.02
IF(DELTA3.GT.0.63) THEN
T1=DELTA1*VDELTA
T2=VDELTA-T1
GO TO 499
ENDIF
GO TO 1099 ORNCTIAL PAGE S

CONTINUE N
T1=T1*2.54 0 POOR QUALITY;
T2=T2*2.54 :

RETURN

END
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IMPACTSVM

IMPACTS5VM is a spacecraft protective systems design optimization code
similar to IMPACTS5V. IMPACTSVM differs from IMPACTSV in that the
optimal design is weighted according to the chosen meteoroid velocity
probability distribution. IMPACTSVM employs the Geometric
Programming optimization technique in evaluating a number of nonlinear
piecewise continuous, functional impact predictors. These include the
Nysmith, Boeing, Madden, Wilkinson, and Burch predictors. Inputs vary
depending on the predictor used, however, typical inputs include the
meteoroid velocity distribution file, projectile characteristics (as
determined from METEOR1 or DEBRIS1), design material properties, and
general design configuration. In particular, IMPACT5VM is an
optimization code for a single bumper, single wall configuration. Outputs
include the optimal design thicknesses (bumper and wall) and the
minimum design weight. The velocity distribution file for meteoroids,
(METVEL.IN), follows. The file being used must be assigned to FORO012
before running IMPACT5VM. Sample input .(IMPACTSVM.IN), output
(IMPACTSVM.OUT), and program listing (IMPACTSVM.LIS) follow the
velocity distribution file.
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- .045

.085
.045
.045

.26

.14

.06
05

025
.025
015
.015
015
012
012
012
011
011
011
.009
.009
.009
.0075
.0075
0075
.0075
.0075
.0075
0075
.0075
.0075
.0075
0075
0075
.0075
.0075
.0075
.0075
.007%
.007%
.0075
.0075
.0075
.0075
.0075
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69

70
71
72

.0075 -
.0075
.0075
.0075
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0.84

10.

2

0.84
2.81
2.81
2.81

10.
0.401
7344000.
7344000,
0.

0.85
7.239€11
3

0.84
2.81

10.

2.81

4

0.84
2.81
2.81
2.81

10.
0.401

5

0.84
2.81

10.

0.

0.85
7.239E11

INUMBER OF CASES

INYSMITH PREDICTOR

!PROJ. DIAMETER IN CM

!BUMPER/WALL SEPARATION IN CM

IBOEING PREDICTOR

!PROJ. DIA. IN CM

!PROJ. DENSITY IN GM/CUBIC CM

!BUMPER DENSITY IN GM/CUBIC CM

IWALL DENSITY IN GM/CUBIC CM

!BUMPER/WALL SEPARATION IN CM

!WALL MATERIAL CONSTANT

!BUMPER YIELD STRENGTH IN LB/SQUARE FOOT

IWALL YIELD STRENGTH IN LB/SQUARE FOOT

'IMPACT ANGLE FROM NORMAL

INUMBER OF PLATES TO PENETRATE AFTER 1ST BUMPER
!YOUNG'S MODULUS FOR BUMPER IN GM/CM-SQUARE SEC
!MADDEN PREDICTOR

{PROJ. DIA. IN CM

!PROJ. DENSITY IN GM/CUBIC CM

!BUMPER/WALL SEPARATION IN CM

IBUMPER/WALL DENSITY IN GM/CUBIC CM

IWILKINSON PREDICTOR

!PROJ. DIA. IN CM

IPROJ. DENSITY IN GM/CUBIC CM

!BUMPER DENSITY IN GM/CUBIC CM

!WALL DENSITY IN GM/CUBIC CM

!BUMPER/WALL SEPARATION IN CM

!WALL MATERIAL CONSTANT

!BURCH PREDICTOR

!PROJ. DIA. IN CM

!BUMPER DENSITY IN GM/CUBIC CM

IBUMPER/WALL SEPARATION IN CM

!IMPACT ANGLE FROM NORMAL

!NUMBER OF PLATES TO PENETRATE AFTER 1ST BUMPER
IYOUNG'S MODULUS FOR BUMPER IN GM/CM-SQUARE SEC
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NYSMITH

INPUT

PROJECTILE DIAMETER IN CM =  0.8400000
BUMPER/WALL SEPARATION IN CM = 10.00000

QUTPUT

BUMPER THICKNESS = 0.2964782 CM
WALL THICKNESS = 0,5514496 CM
MIN. WEIGHT = 0.8479279 CM

CMC MIN. WEIGHT = 4373.689 KG

BOEING
INPUT

PROJECTILE DIAMETER IN CM =  0.8400000

PROJECTILE DENSITY IN GM/CUBIC CM = 2.810000

BUMPER DENSITY IN GM/CUBIC CM = 2.810000

WALL DENSITY IN GM/CUBIC CM = 2.810000

BUMPER/WALL SEPARATION IN CM = 10.00000

WALL MATERIAL CONSTANT = 0,4010000

BUMPER YIELD STRENGTH IN LB/SQUARE FT = 7344000.

WALL YIELD STRENGTH IN LB/SQUARE FT = 7344000.

IMPACT ANGLE FROM NORMAL IN DEGREES =  0.0000000E+00
NUMBER OF PLATES TO PENETRATE AFTER FIRST BUMPER =  0.8500000
BUMPER YOUNGS MODULUS IN GM/CM-SQUARE SEC = 7.2389997E+11

QUTPUT
BUMPER THICKNESS = 0.3065161 CM
WALL THICKNESS = 0.3286171 CM

MIN. WEIGHT = 0.6351332 CM
CMC MIN. WEIGHT = 3294.346 KG

MADDEN
INPUT

PROJECTILE DIAMETER IN CM =  0.8400000
PROJECTILE DENSITY IN GM/CUBIC CM = 2.810000

BUMPER/WALL DENSITY IN GM/CUBIC CM = 2.810000
BUMPER/WALL SEPARATION IN CM = 10.00000

QUTPUT

BUMPER THICKNESS = 0.5543199 CM
WALL THICKNESS = 0.5543199 CM

MIN. WEIGHT = 1.108640 CM
CMC MIN. WEIGHT = 5761.344 KG
WILKINSON



INPUT

PROJECTILE DIAMETER IN CM =  0.8400000
PROJECTILE DENSITY IN GM/CUBIC CM =  2.810000
BUMPER DENSITY IN GM/CUBIC CM =  2.810000
WALL DENSITY IN GM/CUBIC CM =  2.810000
BUMPER/WALL SEPARATION IN CM =  10.00000

WALL MATERIAL CONSTANT =  0.4010000
OuUTPUT

BUMPER THICKNESS = 0.3114124 CM
WALL THICKNESS = 0.3114124 CM
MIN. WEIGHT = 0.6228247 CM

CMC MIN. WEIGHT = 3233.087 KG

MODIFIED BURCH
INPUT

PROJECTILE DIAMETER IN CM =  0.8400000

BUMPER DENSITY IN GM/CUBIC CM = 2.810000

BUMPER/WALL SEPARATION IN CM = 10.00000

IMPACT ANGLE FROM NORMAL IN DEGREES =  0.0000000E+00

NUMBER OF PLATES TO PENETRATE AFTER FIRST BUMPER =  0.8500000
BUMPER YOUNGS MODULUS IN GM/CM-SQUARE SEC =  7.2389997E+11

ouTPUT

BUMPER THICKNESS = 4.5066189E-02CM
WALL THICKNESS =  9.7935580E-02CM
MIN. WEIGHT = 0.1430018 CM

CMC MIN. WEIGHT = 735.0610 KG



)00l
)002
J0U3
J004
JO05
JOU6
Jou7
)008
)009
J010
J011
012
)013
J014
)01%
)J016
017
J018
019
020
)0zl
J022
0023
Ju24
J025
)026
027
)028
)029
JO30
031
)032
)J033
034
035
J036

037

038
J039
040

041
042
)043
V44
)045
)046
1047
048
049
)J050
J051
)052
1053
JU54
055
)056

1057

24

25

26

35

17-Aug-1987 15:27:34 VAX FORTRAN
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DIMENSION XPV(100)
OPEN(UNIT=12,TYPE="'0OLD',ACCESS=' SEQUENTIAL )
OPEN(UNIT=10,TYPE="OLD',NAME='IMPACTSVM.IN' ,ACCESS=" SEQUENTIAL )
OPEN(UNIT=11,TYPE="'NEW' NAME"IMPACTSVM .OUT' ,ACCESS="'SEQUENTIAL")
DO 24 I=1,64
READ(lZ,*)IV,XPV(IV)
CONTINUE
READ(10,*)NRUNS
DO 10 I=1,NRUNS
READ(10,*)NCODE
IF(NCODE.EQ.1)GO TO 25
IF(NCODE .EQ.2)G0 TO 35
IF(NCODE.EQ.3)GO TO 45
IF(NCODE.EQ.4)GO TO 55
IF(NCODE.EQ.5)G0 TO 65
READ(10,*)D
READ(10,*)H
WRITE(11,*)' NYSMITH'
WRITE(11,*)
WRITE(11,*)' INPUT'
WRITE(11,*)
WRITE(11,*)' PROJECTILE DIAMETER IN CM
WRITE(11,*)' BUMPER/WALL SEPARATION IN
WRITE(11,*)
TiT=0.0
T27=0.0
DO 26 J=1,64
K=J+8
V=FLOAT(K)
CALL NYSMITH(V,D,H,T1,T2,WT NTCMC)
T1T= T1T+T1*XPV(K)
T2T=T2T+T2*XPV(K)
CONTINUE
T1=T1T/3.1335
T2=T2T/3.1335
WT=T1+T2
WTCMC=T1**2 ,+2 *T1*(211.+T2+H)+T2**2 ,+422 . *T2
WTCMC=12 . *WTCMC
WRITE(11,*)' ouUTPUT'
WRITE(11,*)
WRITE(11,*)’ BUMPER THICKNESS = ',T1,'CM'
WRITE(11,*)’ WALL THICKNESS = ',T2,'CM'
WRITE(11,*)' MIN. WEIGHT = ', WT,'CM'
WRITE(11,*)’ CMC MIN. WEIGHT = ',WTCMC, 'KG'
WRITE(11,*)
WRITE(11,*)
WRITE(11,*)
GO TO 10
READ(10,*)D
READ(10,*)RHOP
READ(10,*)RHO1
READ(10,*)RH02
READ(10,*)S
READ(10,*)XL2
READ(10,*)SY1
READ(10,*)SY2
READ(10,*)THETA

= "D
CM = ',H



(MPACT5VM$MAIN

)058
059
060
J061
62
J063
064
065
)066
)67
1068
069
J070
)071
)072
)073
074
JO75
J076
)077
)078
079
080
081
)082
)083
)084
)085
)86
)087
)088
089
J090
091
92
)093
)94
)095
)096
J097
)098
JO99
J100
1101
102
103
)104
)105
J1U6
1107
1108
1109
)110
111
i12
J113
114

36

45

READ(10,*)XN
READ(10,*)El
WRITE(11,*)"
WRITE(11,*)

WRITE(11,*)’
WRITE(11,*)

WRITE(11,*)’
WRITE(11,*)'
WRITE(11,*)'
WRITE(11,*)’
WRITE(11,*)'
WRITE(11,*)"
WRITE(11,*)'
WRITE(11,*)"
WRITE(11,*)’
WRITE(11,*)"

WRITE(11,*)'

WRITE(11,*)
T1T=0.0
T27=0.0

DO 36 J=1,64
K=J+8
V=FLOAT(K)

17-Aug-1987 15:27:34
17-Aug-1987 15:19:56

BOEING'
INPUT!

PROJECTILE DIAMETER IN CM = ',D
PROJECTILE DENSITY IN GM/CUBIC CM = ',RHOP
BUMPER DENSITY IN GM/CUBIC CM = ',RHO1
WALL DENSITY IN GM/CUBIC CM = ',RHO2
BUMPER/WALL SEPARATION IN CM = ',S
WALL MATERIAL CONSTANT = ',XL2
BUMPER YIELD STRENGTH IN LB/SQUARE FT = ',SY1
WALL YIELD STRENGTH IN LB/SQUARE FT = ',SY2
IMPACT ANGLE FROM NORMAL IN DEGREES = ',THETA
NUMBER OF PLATES TO PENETRATE AFTER FIRST',
' BUMPER = ',XN

BUMPER YOUNGS MODULUS IN GM/CM-SQUARE',

' SEC = ',El1

CALL BOEING(V,D,RHOP,RHO1,RH02,S,XL2,SY1,SY2,THETA,
XN,E1,T1,T2,WT,WTCMC)

TIT=T1T+XPV(K)*T1
T2T=T2T+XPV(K)*T2

CONTINUE
T1=T1T/3.1335
T2=T27/3.1335
WT=T1+T2
R12=211. -
R22=211.+T2
R11=211.4T2+S

R21=211.+T1+T2+S

VB=4,27*(R21**2.-R11**2,)
VW=4,27*(R22**2.-R12**2.)
WTCMC=RHO1*VB+RHO2*VW

WRITE(11,*)"
WRITE(11,*)
WRITE(1l,*)"
WRITE(11,*)"
WRITE(11,*)"
WRITE(11,*)"
WRITE(11,*)
WRITE(11,*)
WRITE(11,*)
G0 TO 10

READ(10,*)D

READ(10,*)RHOP

READ(10,*)S
READ(10,*)RHO
WRITE(11,*)"
WRITE(11,*)
WRITE(11,*)’

ouTPUT'
BUMPER THICKNESS = ',T1,'CM’
WALL THICKNESS = ‘,T2,'CM’

MIN. WEIGHT = ', WT,'CM'
CMC MIN. WEIGHT = ',WTCMC,'KG'

MADDEN'

INPUT'

VAX FORT.

SAI_USRDIS
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)115
)116
117
)118
119
)120
J121
122
J123
J124
1125
)126
27
J128
1129
1130
131
)132
)133
)134
1135
J136
137
J138
J139
)140
1141
)142
143
144
)145
)146
1147
)148
)149
)150
151
1162
1153
1154
155
)156
1157
1168
)159
1160
161
162
1163
J164
)165
)166
)167
)168
J169
)170
171

46

55

17-Aug-1987 15:27:34
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WRITE(11,*)
WRITE(11,*)" PROJECTILE DIAMETER IN CM = ',D
WRITE(11,*)" PROJECTILE DENSITY IN GM/CUBIC CM = ',RHOP
WRITE(11,*)" BUMPER/WALL DENSITY IN GM/CUBIC CM = ',RHO
WRITE(11,*)" BUMPER/WALL SEPARATION IN CM = ',S
WRITE(11,*)
T1T=0.0
T2T=0.0
DO 46 J=1,64 . CRICINAL PAGE I3
K=J+8 OF POOR
V=FLOAT (K) POOR QUALITY
CALL MADDEN(V,D,RHOP,S,RHO,T1,T2,WT,NTCMC)

TIT=T1T+T1*XPV(K)

T2T=T2T+T2*XPV(K)

CONTINUE

T1=T17/3.1335

T2=T27/3.1335

WT=T1+T2

R12=211.

R22=211.+T2

R11=211.+T2+S

R21=211.+T14T2+S

VB=4,27*(R21**2.-R11**2,)

VW=4,27*(R22**2 ,-R12**2.)

WTCMC=RHO* ( VB+VW)

WRITE(11,*)" OuTPUT'

WRITE(11,*)

WRITE(11,*)" BUMPER THICKNESS = ',T1,'CM'
WRITE(11,*)' WALL THICKNESS = ',T2,'CM'
WRITE(11,*)' MIN. WEIGHT = ',WT,'CM'
WRITE(11,*)' CMC MIN. WEIGHT = ',WTCMC,'KG'
WRITE(11,*) .
WRITE(11,*)

WRITE(11,*)

GO TO 10

READ(10,*)D

READ(10,*)RHOP

READ(10,*)RHO1

READ(10,*)RHO2

READ(10,*)S

READ(IO,*)XLZ

WRITE(11, *) WILKINSON'

WRITE(
WRITE(11, *
WRITE(

5*)
;' INPUT
WRITE(11, *;
)
)

PROJECTILE DIAMETER IN CM = ',D
PROJECTILE DENSITY IN GM/CUBIC CM = ' ,RHOP

)
WRITE(11,*)'
: BUMPER DENSITY IN GM/CUBIC CM = ',RHO1
1

WRITE(11,*
WRITE(11,* WALL DENSITY IN GM/CUBIC CM = ',RHOZ
WRITE(11,*) BUMPER/WALL SEPARATION IN CM = ',S
NRITE(ll,*)' WALL MATERIAL CONSTANT = ', XL2
WRITE(11,*)

T1i7=0.0

T27=0.0

DO 56 J=1,64

K=J+8

V=FLOAT(K)

VAX FORTRAN
SAI_USRDISK
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172 CALL WILKINSON(V,D,RHOP,RHO1,RH02,S,XL2, 'I
173 & T1,T2,WT,WTCMC)

)174 TIT=TIT+T1*XPV(K)

1175 T2T=T2T+T2*XPV(K)

1176 56 CONTINUE I
Nn77 T1=T1T/3.1335

1178 T2=T2T/3.1335

1179 WT=T1+T2 '
1180 R12=211.

1181 R22=211.+T2

)182 R11=211.+T2+S

)183 R21=211.+T14T2+S I
184 VB=4,27%(R21**2.-R11**2,)

1185 VW=4 ,27*(R22%*2 ,-R12**2 )

)186 WTCMC=RHO1*VB+RHO2*VW '
)187 WRITE(11,*)" OUTPUT'

)188 WRITE(11,*)

1189 WRITE(11,*)" BUMPER THICKNESS = *,T1,'CM!

1190 WRITE(11,*)" WALL THICKNESS = ',T2,'CM! l
)191 WRITE(11,*)" MIN. WEIGHT = ',WT,'CM®

)192 WRITE(11,*)" CMC MIN. WEIGHT = ',WTCMC,'KG'

)193 WRITE(11,*) .
)194 WRITE(11,*)

1195 WRITE(11,*)

1196 GO TO 10

3197 65 READ(10,*)D l
)198 READ(10,*)RHO1

1199 READ(10,*)S

1200 READ(10,*)THETA |
1201 READ(10,*)XN

1202 READ(10,*)E1

)203  **xkx  MODIFIED BURCH ****

)204 WRITE(11,*)" MODIFIED BURCH l
)205 WRITE(11,*)

1206 WRITE(11,*)" INPUT'

)207 WRITE(11,*)

)208 WRITE(11,*)" PROJECTILE DIAMETER IN CM = ',D

)209 WRITE(11,*)" BUMPER DENSITY IN GM/CUBIC CM = ',RHO1

)210 WRITE(11,%)" BUMPER/WALL SEPARATION IN CM = ',S

)211 WRITE(11,*) IMPACT ANGLE FROM NORMAL IN DEGREES = ',THETA l
1212 WRITE(11, * NUMBER OF PLATES TO PENETRATE AFTER FIRST',

1213 & ' BUMPER = ',XN

)214 © WRITE(11,*)" BUMPER YOUNGS MODULUS IN GM/CM-SQUARE',

1215 & ' SEC = ',El

1216 WRITE(11,*)

)217 T17=0.0

1218 T2T=0.0 '
)21Y DO 66 J=1,64

)220 K=J+8

1221 V=FLOAT(K)

1222 CALL BURCH(V,D,RHO1,S,THETA, l
1223 & XN,E1,TL,T2,WT,WTCMC)

)224 T1T=T1T+T1*XPV(K)

1225 T2T=T2T+T2*XPV(K) l
)226 66 CONTINUE

1227 T1=T1T/3.1335

)228 T2=T2T/3.133% l
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)229 WT=T1+T2

)230 R12=211.

1231 R22=211.+T2
1232 R11=211.+T2+4S

17-Aug-1987 15:27:34
17-Aug-1987 15:19:56

BUMPER THICKNESS = ',T1,‘CM'
WALL THICKNESS = ',T2,'CM'
MIN. WEIGHT = ',WT,'CM’

CMC MIN. WEIGHT = ',WTCMC,'KG'

1233 R21=211.+T1+T24S

)234 VB=4.27*(R21**2,-R11**2,)
1235 VW=4,27*(R22**2 ,-R12**2.)
)236 WTCMC=RHOL*VB+2.81*VW
)237 WRITE(11,*)" OUTPUT'
)238 WRITE(11,*)

)239 WRITE(11,*)"

)240 WRITE(11,*)"

)241 WRITE(11,*)"

1242 WRITE(11,*)"

)243 wRITE(ll,*;

1244 WRITE(11,*

)245 WRITE(11,*)

)246 GO TO 10

)247 10 CONTINUE

)248 STOP

)249 END

’RUGRAM SECTIONS
Name

0 $CODE
1 $PDATA
2 $LOCAL

Total Space Allocated

:NTRY POINTS

Address Type Name

0-00000000 IMPACTSVMSMAIN

/ARTABLES

Address Type Name
R*4 D

I*4 1V
I*4 NRUNS
R*4 R22
R*4 RHOP
R*4 T1
R*4 THETA
R*4 WT

2-0000019C

2-00000190

2-00000194
*k

2-00000188
2-000001A8
2-000001D4
2-00000180

Bytes

4826
743
1028

6597

Address Type

2-000001DC
*k

*k

2-000001E0
2-000001cC4
*%*

2-000001A4
2-000001B4

Attributes

PIC CON REL LCL
PIC CON REL LCL

SHR
SHR NOEXE

EXE

PIC CON REL LCL NOSHR NOEXE

Name

R* El
1*

R*4 R11
R*4  RHO
R*4 S

R*  T1T
R*

R*4  WTCMC

Address

2-000001A0
* %k

*%

2-000001BC

2-000001CC

2-000001AC
Kk

2-000001C8

VAX FORTRAN
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RD NOWRT LONG
RD NOWRT LONG

RD

Type

R*4
I*4
R*4
R*4
R*4
R*4
R*4
R*4

WRT LONG
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SHR  EXE  RD NOWRT LONG
SHR NOEXE  RD NOWRT LONG

8 PIC CON REL LCL NOSHR NOEXE RD  WRT LONG

Address Type Name

AP-0000000C@ R*4 H
AP-00000018@ R*4 WT

J001 SUBROUTINE NYSMITH(V,D,H,T1,T2,WT,WTCMC)
J002 DMAX=0,24*H*V**-0,2
J003 IF(D.GT .DMAX)THEN
)004 WRITE(11,*)' NO SOLUTION--PROJ. DIA. TOO LARGE FOR NYSMITH'
005 GO TO 16
J006 ENDIF
)007 T1=1.93*V**(Q,18*D**]1,91/H**0 .91
J008 T2=1.86*T1
J009 16 CONTINUE
J010 RETURN
1011 END
’ROGRAM SECTIONS
Name Bytes Attributes
0 $CODE 150 PIC CON REL LCL
1 $PDATA 49  PIC CON REL LCL
2 $LOCAL
Total Space Allocated 207
INTRY PQINTS
Address Type = Name
0-00000000 NYSMITH
[ARTABLES
Address Type Name Address Type Name
AP-00000008@ R*4 D ** R*4 DMAX
AP-00000014@ R*4 T2 AP-00000004@ R*4 V
JABELS

Address Label

0-00000095 16

VAX FORT‘.I
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Jo01
J002
J003
)004
)J005
)006
)007
)008
)009
010
J011
012
)013
014
015
Jule6
J017
Jo18
J019
J020
Joz2l
J022
J023
1024
)025
J026
vy
)028
029
030
JO31
032
033
1034
J035
)036
J037
Ju38
039
J040
a1
Jo42
043
Jo44
J045
J046
047
048
)049
J050
051
052
053
)054
)055
056
)057

*Kkkk

590

579

17-Aug-1987-15:27:34

17-Aug-1987 15:19:56

SUBROUTINE BOEING(V,D,RHOP,RHOL,RH02,S,XL2,SY1,SY2, THETA,
& XN,E1,T1,T2,WT.HTCMC)
PENG **kkx
T1=0.16
V=V*3280.
D=D/30.48
gﬁogigﬁgpﬂ.% ORIGINAL PAGE 13
RHO1=RHO1*1 .94 OF POOR QUALITY
RHOZ=RHO2*1 . 94
NITSP=0
NITSP=NITSP+1
NP1=0
T1P=T1/30.48
T2P=FT2P(RHOP,V,RP,SY1,THETA,RHO1, SY2,D,RH02, T1P)
WT=T1P+T2P
IF(NITSP.EQ.1) THEN
T1P1=1.1*T1P
T2P1=FT2P (RHOP,V,RP,SY1, THETA,RHOL,SY2,D,RH02, T1P1)
WT1=T1P1+T2P1
ENDIF
IF (WT1.GT.WT)THEN
T1P1=0.82*T1P1
T2P1=FT2P (RHOP,V,RP,SY1, THETA,RHO1,SY2,D,RH02, T1P1)
WT1=T1P1+T2P1
IF (WT1.GT .NT) THEN
60 TO 601
ELSE
T1P=T1P1
T2P=T2P1
WT=WTL
NP1=NP1+1
IF(NP1.EQ.100) THEN
WRITE(11,%)'  NO CONVERGENCE IN PEN4'
G0 TO 557 |
ENDIF
T1P1=0.9*T1P1
T2P1=FT2P(RHOP,V,RP,SY1,THETA,RHO1, SY2,D,RH02, T1P1)
WT1=T1P1+T2P1
G0 TO 590
ENDIF
ELSE
T1P=T1P1
T2P=T2P1
WT=WT1
T1P1=1.1*T1P1
T2P1=FT2P (RHOP,V,RP,SY1, THETA,RHOL, SY2,D,RH02, T1P1)
WT1=T1P1+T2P1
TF(WTL.GT.WT) THEN
G0 TO 601
ELSE
NP1=NP1+1
IF (NP1.EQ.100) THEN
WRITE(11,*)"  NO CONVERGENCE IN PEN4'
GO TO 557
ENDIF
G0 TO 579

VAX FORTRAN
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1058 ENDIF
159 ENDIF
1060 601 CONTINUE
1061 0=30.48*D
1062 RHOP=RHOP/1 .94
063 RHO1=RHO1/1.94
Jued RHO2=RHO2/1 .94
J065 T1P=30.48*T1P
)66 T2P=30.48*T¢P
067 IF(T1P/D.LE.0.4)VF=4100
)068 IF(T1P/D.GT.0.4)VF=4986*(T1P/D)**0.21
069 VF=VF+4000.
)070 IF(V.LE.VF)THEN
071 WRITE(11,*)' INSIDE OF PEN4 LIMITS'
W72 T1=T1P
73 T2=T2P
w74 G0 TO 1102
J075 ENVIF

W76 557 CONTINUE
077 wkkkk  WILKINSON **a*x

78 V=V/3280.

)079 T1=0.604*D**2 . *RHOP/ S

)080 T1=T1*SQRT(V/ (XL2*RHO1*RHO2) )

)081 RATI0=D*RHOP/ (T1*RHO1)

)082 IF(RATI0.6T.1.0)T2=T1

)083 IF(RATIO.LE.1.0)T2=T1/RATIO

U84  ***xx MODIFIED BURCH **#x*

)085 VB=V*3280.

)086 DB=D/2.54

087 ~ CM=SQRT(E1/RHO1)

)088 CM=CM/30.48

)089 SB=S/2.54

090 IF(THETA.LE.0.001)G0 TO 125

091 CHI=TAN(THETA)-0.5 .

1092 F2=0.5-1.87*(T1B/D)+(5.*T1B/D-1.6)*CHI**3.0
1093 F2=F2+(1.7-12.*T18/D)*CHI

1094 " F3=0.32*(T18/D)**0.83

J095 F3=F3+0.48%(T1B/D)**0,33*(SIN(THETA) )**3.0
1096 T2F=D*((F1+0.63*F2)/XN)*(CM/V)**2.29

097 T2F=T2F*(D/S)**0.71

1098 T2N=F3*(CM/V)**1.33*D/XN

099 IF(T2N.GE .T2F) T2B=T2N

1100 IF(T2N.LT.T2F)T2B=T2F

1101 T2B=T2B*2.54

1102 IF(T2B.GT.T2)NREGION=3

)103 1F(T2B.6T.T2)T2=T2B

)104 GO TO- 155

)105 125 CONTINUE

1106 T1B1=T1/2.54

3107 NITSB=0

)108 XK1=(DB/XN)**1,71*(CM/VB)**2.29/SB**0.71
)109 VDELTA=0.0

)110 DELTA3=0.52

)11 1099  DELTA2=2.33*(1.-1.57*DELTA3)

)12 DELTA1=1.33*(2.*DELTA3-1.)

J113 VDELTAL=(1./DELTAL)**DELTAL*(2.8*XK1/ (DELTA2*DB**0.57) ) **DELTA2 |
)114 VDELTAL=VDELTAL*(1.58*XK1*DB**0.57/DELTA3)**DELTA3 .

VAX FORTI
SAI_USRDIS
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J115
J116
J117
)118
J119
J120
J121
122
123
J124
)125
1126
127
)128
J129
J130
J131
1132
J133
J134
)135
J136
1137
J138
)13Y
)140
)141
)142
1143
1144
1145
1146
147
1148
1149
150
151
ns2 -
)153
J154

499

Kk kK

199

155
1102

156

IF(VDELTA1,LT.VDELTA)THEN
DELTAL=1.33*(2.*DELTA3-1.04)
T1B=DELTA1*VDELTA
T2B=VDELTA-T1B
GO TO 499

ENDIF

VDELTA=VDELTAL

DELTA3=DELTA3+0.02

IF(DELTA3.GT.0.63)THEN
T1B=DELTA1*VDELTA
T2B=VDELTA-T1B
GO TO 499

ENDIF

GO TO 1099

CONTINUE

COMPARISON OF MODIFIED BURCH AND WILKINSON

CONTINUE
T10W=T1/2.54

17-Aug-1987 15:27:34
17-Aug-1987 15:19:56

dkdkk

F10W=1.58*(DB/T10W)**0,57+2.80*(T10W/DB)**0.57
T2BT10W=(F10W/XN)**1.71*(CM/VB)**2,29*DB**1.71

T2BT10W=T2BT10W/SB**0.71
T2BT10W=T2BT10W*2.54
RATIOB=(DB*RHOP)/(RHO1*T1B)

T2WT10B=0.364*D**3 .*RHOP*V/ (XL2*RH02*S**2, )
IF(RATIOB.GT.1.0)T2WT10B=T2WT10B*RATIOB

IF(T2BT10W.GT.T2)T2=T2BT10W
T2B=T2B*2.54
IF(T2WT10B.GT.T2B)T2B=T2WT10B
T1B=T1B*2.54
IF(T1B+T2B.LT.T1+T2) THEN
T1=T18
T2=T28B
ENDIF
CONTINUE
IF(T2.LE.0.01)THEN
SIGMA=SY2/144,
T2=3099.1/SIGMA
ENDIF
RETURN
END

VAX FORTRAN
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001
002
)03
1004
005
006

-2ROG

0
2

INTR

0-

/ARI

AP~
AP -
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FUNCTION FT2B(DB,T1B,XN,CM,VB,SB)
F1=2.42*(DB/T1B)**0.33+4,26*(T1B/DB)**0.33
F1=F1-4.18
FT2B=(F1/XN)**1,71*(CM/VB)**2.29*DB**1,71/SB**0,71
RETURN

END

RAM SECTIONS

Name : Bytes Attributes

$CODE , 163 PIC CON REL LCL SHR EXE RD NOWRT LONG
$LOCAL 4 PIC CON REL LCL NOSHR NOEXE RD  WRT LONG
Total Space Allocated 167

Y POINTS

Address Type Name

00000000 R*4 FT2B

ABLES

Address Type Name Address Type Name Address Type Name
00000010@ R*4 CM AP-00000004@ R*4 DB *x R*4 F1
000000086 R*4 T1B AP-00000014@ R*4 VB AP-0000000C@ R*4 XN
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001 FUNCTION FT2P(RHOP,V,RP,SY1,THETA,RHO1,SY2,D,RH02,T1P)

)002 A=1.33*RHOP*(V*RP)**2,

)003 - . B=8,0*SY1*EXP(-3.125E-04*V)/COS(THETA)

)004 C=1.33*RHOP*RP**2,0

J005 D1=RP*RHO1/COS(THETA)

)006 XK1=1.67*(RHOP/ (2.*SY2))**0.31

)07 XK1=XK1*(0.281*D*RHOP/RH02)**0.33

)U08 XK1=XK1*COS(THETA)

)8(39 fél(’é#ll\-B*TlP)/(():;DI*TIP) : : ORIGINAL PAGE IS
)010 1P1.LE.0.001)THEN

011 FT2P=0.0 OF POOR QUALITY
)012 GO TO 999

)013 ENDIF

014 - FT2P=XK1*C1P1**0.31

015 999 RETURN

)016 END

’)ROGRAM SECTIONS

Name : Bytes Attributes
0 $CODE 222 PIC CON REL LCL SHR EXE RD NO
2 $LOCAL 4 PIC CON REL LCL NOSHR NOEXE RD
Total Space Allocated 226

INTRY 'POINTS
Address . Type Name

0-00000000 R*4 FT2P

/ARIABLES
Address Type Name Address Type Name Address Type
*k R*4 A *% R*4 B *% R*4
AP-000000206 R*4 D ** R*4 D1 AP-00000018@ R*4
AP-00000004@ R*4 RHOP AP-0000000C@ R*4 RP AP-00000010@ R*4
AP-00000028@ R*4 T1P AP-00000014@ R*4 THETA AP-00000008@ R*4
.ABELS

Address Label
0-000000D9 999

.

VAX FORTRAN
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WRT LONG
WRT LONG

Name

C
RHO1
Syl
v
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J001 SUBROUTINE MADDEN(V,D,RHOP,S,RHO,T1,T2,WT,WTCMC)
)002 - V=V*] E05

)003 T1=0,009*SQRT (V) *RHOP*D**2,0

004 T1=T1/(S*RHO**1.5)

J00b . T2=T1

J006 RETURN

Jou7 END

ROGRAM SECTIONS
Name

0 $CODE

Total Space Allocated

INTRY POINTS
Address Type

0-00000000

/ARIABLES
Address ‘Type

AP-00000008€ R*4
. AP-00000018@ R*4
AP-00000024@ R*4

Name

MADDEN

Name

D
Tl
WTCMC

Bytes ~ Attributes

69 PIC CON REL LCL SHR EXE  RD NOWRT LONG

69

Address Type Name

AP-00000014@ R*4 RHO
AP-0000001C@ R*4 T2

‘UNCTIONS AND SUBROUTINES REFERENCED

Type Name
R*4 MTH$SQRT

Address Type Name

AP-0000000C@ R*4 RHOP
AP-00000004@ R*4 V

ORIGINAL PAGE IS
OF POOR QUALITY,
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J0U1 SUBROUTINE WILKINSON(V,D,RHOP,RHO1,RH02,S,XL2,
)002 & T1,T2,WT,WTCMC)

Ju03 T1=0.604*D**2 ,*RHOP/S

004 T1=T1*SQRT(V/(XL2*RHO1*RH02) )

JO0S RATIO=D*RHOP/(T1*RHO1)

JO06 IF(RATIO0.GT.1.0)T2=T1

007 IF(RATIO.LE.1.0)T2=T1/RATIO

008 RETURN

JU09 END

ROGRAM SECTIONS

Name Bytes  Attributes
U $CODE 87 PIC CON REL LCL  SHR EXE  RD NOWRT LONG
Total Space Allocated 87

:NTRY POINTS

Address Type Name

0-00000000 WILKINSON
IARIABLES
Address Type Name Address Type Name Address Type Name
AP-00000008@ R*4 D *x R*4 RATIO AP-00000010@ R*4 RHO1
AP-0000000C@ R*4 RHOP AP-00000018@ R*4 S AP-00000020@ R*4 T1
AP-00000004¢ R*4 V -AP-00000028@ R*4 WT AP-0000002C@ R*4 WTCMC

‘UNCTIONS AND SUBROUTINES REFERENCED
Type Name
R*4  MTH$SQRT



001
002
w3
J0V4
005
)006
o7
1008
1009
010
)011
012
013
14
JO15
)016
17
0148
)019
1020
w2l
22
1023
J024
Ju2s
J026
)027
1028
)029
J030
J031
1032
033
)034
035
JU36
1037
1038
W39
J040
a1
1042
043
)044
V45
)046
)047
JU48
1049
050
J051

wwkx  MODIFIED BURCH ***w+

425

1099

499

&

SUBROUTINE BURCH(V,D,RHO1,S,THETA,
XN,E1,T1,T2,WT,NTCMC)

vB=v*3280.

0B=D/2.54

CM=SQRT(E1/RHO1)

CM=CM/30.48

SB=S/2.54

IF(THETA,LE.0.001)GO TO 425

CHI=TAN(THETA)-0.5

F2=0.5-1.87*(T1B/D)+(5.*T1B/D-1.6)*CHI**3.0

F2=F2+(1.7-12.*T1B/D)*CHI

F3=0,32*(T18/D)**0.83

F3=F3+0.48*(T18/D)**0.33*(SIN(THETA) )**3.0

T2F=0*( (F1+0.63*F2)/XN)*(CM/V)**2.29

T2F=T2F*(D/S)**0.71

T2N=F3*(CM/V)**1.33*D/XN

IF(T2N.GE.T2F)T2B=T2N

IF(T2N.LT.T2F)T2B=T2F

T2B=T28*2.54

[F(T2B.GT.T2)NREGION=3

IF(T2B.GT.T2)T2=T28

GO TO 499

CONTINUE

NITSB=0

XK1=(DB/XN)**1,71*(CM/VB)**2.29/SB**0.71

VDELTA=0.0 '

DELTA3=0.52

DELTA2=2.33*(1.-1.57*DELTA3)

DELTA1=1.33*(2.*DELTA3-1.)

17-Aug-1987 15:27:34
17-Aug-1987 15:19:56

VDELTAl=(1./DELTAL)**DELTAL1*(2,8*XK1/(DELTA2*DB**0.57) ) **DELTA2
VDELTA1=VDELTA1*(1.58*XK1*DB**0.57/DELTA3)**DELTA3

IF(VDELTA1.LT ,VDELTA)THEN
DELTA1=1.33*(2,.*DELTA3-1.04)
T1=DELTAL1*VDELTA
T2=VDELTA-T1
GO TO 499

ENDIF

VDELTA=VDELTAL

DELTA3=DELTA3+0.02

IF(DELTA3.GT.0.63) THEN
T1=DELTAL*VDELTA
T2=VDELTA-T1
GO TO 499

ENDIF

GO TO 1099

CONTINUE

T1=T1*2.54

T2=T2*2.54

RETURN

END
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